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COPES-VULCAN control valves 
make boiler feedwater systems 





accurate and trouble-free... 


The big load changes of today’s boilers put tremendous demands on the accuracy and 
dependability of feedwater and recirculation systems. Copes-Vulcan systems meet these 
demands with positive control, positive performance. m As long-time specialists in feed- 
water control, Copes-Vulcan has the experience and design know-how to custom-engi- 
neer control valves to rigid specifications. Regardless of high pressure drops, you get 
close control over full load range, without costly maintenance or replacement. @ To the 
dynamic balance of the valves, Copes-Vulcan adds advanced instrumentation. The 
highly-responsive control system stabilizes water level regardless of changes in load or 
feed pressure. # Bulletin 1038 describes efficient boiler control at a key eastern power 


station. Write for your copy. erie 
Copes- Vulcan Division 


Copes-Vulcan Division, Erie 4, 
Pennsylvania. BLA Vil - KNOX 
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The Ljungstrom Air Preheater at the B. F 
diy ectiy over the 65,000 lb/hr Wickes boiler 


Goodrich Company Shelton Plant is installed 
Flue gas leaving the boiler at 615°F passes 


through the circular rotor, which absorbs the heat and releases it into the incoming ai 


Preheated combustion air impro 


jir Preheater was factory-assemil 


es combustion, makes fuel burn cleanly. This Package 
ed, and requird only 100 manhours to install 


At B. F. Goodrich Co.’s Shelton Plant 


Air Preheater boosts combustion 
air temperature 3495°F... gives 
6% more thermal efficiency 


“Only a Ljungstrom® Air Pre- 
heater, with its continuous regen- 
erative principle, could meet our 
requirements”, says A. G. Sando- 
mirsky, Manager of Engineering 
at the B. F. Goodrich Company, 
Shelton, Conn., plant. “We pro- 
duce foam rubber 24 hours a day, 


five and six days a week. With an 
Air Preheater we can meet process 
steam requirements more econom- 
ically, and an Air Preheater 
helped us to justify the installa- 
tion of high efficiency, high pres- 
sure equipment for by-product 
power generation.” 


Here’s why the Shelton plant 
meets its requirements best with 
a Ljungstrom Air Preheater: 


1. Ljungstrom is the most efficient 
heat exchanger you can buy. The 
Ljungstrom rotor revolves contin- 
uously through the flue gas and 
incoming air, thus absorbing heat 
and releasing it from the same 
surface. Since the heat doesn’t 
have to pass through anything, 
each inch of rotor surface is as 
efficient as one foot of a tubular 
recuperator. 


2. Ljungstrom is the most reliable 
heat exchanger you can buy. All 
heat exchange elements pass 
through the entire air and gas 
streams. The temperature of the 
elements in the coolest region — 
where fresh air enters — is actu- 
ally an average of the gas and air 
temperatures, so it’s consistently 
higher than the coolest point in a 
recuperative heat exchanger. Re- 
sult: no cold spots, less chance of 
moisture formation. 


3. Ljungstrom is easiest to main- 
tain. You can inspect it — and 
clean it—while it’s running. Heat 
exchange elements are divided 
into modular baskets that can be 
replaced individually without dis- 
turbing the other elements. You 
can even reverse the elements if 
the surface has thinned on one 
edge, effectively doubling the life 
of the heat exchange surface. 


For more information on the 
Ljungstrom continuous regener- 
ative principle, or on the Air 
Preheater that meets your re- 
quirements, phone MUrray Hill 
2-8250 or write to The Air Pre- 
heater Corporation. 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17, De Be 





How to Make Your Demineralizers GROW: 
Replace Worn-out Resins with New 
Nalcite lon Exchangers 


Added Capacity Teams 
With Higher Flow Rates, 
Less Pressure Drop, To 
Increase Demineralized 
Water Output at Low Cost 


Demineralizers are like storage space—you can 
always use more capacity . . . And new Nalcite 
resins can help you get that added capacity from 
your present demineralizer installation. 

“Better than new”’ is a practical prospect with 
Nalcite resins. They not only outperform older 
Nalcite ion exchange materials (which were as 
good as could be made at the time), but they also 
have longer useful life. 


New Nalcite Resins Stay New 


Nalcite HCR-W* cation and Nalcite SBR-P* 
anion exchangers were designed to eliminate the 
enemies of ion exchanger performance: strong 
resistance to bead breakage and loss, and organic 
fouling, keeps capacities up, resin addition down. 


Nalcite SBR-P Anion Exchange resin has taken a 
leading place in the water demineralization field 
since its introduction in 1957. It is a strongly- 
basic anion exchanger with both high porosity and 
high capacity. While it is especially suited for wa- 
ters containing organic matter and color, its high 
capacity and efficiency are good reasons to con- 
sider it as replacement for worn out type 2 as well 
as type 1 resins. It can be used effectively on all 
types of water supplies. Brine washing to remove 
organic matter and color has been eliminated in 
several demineralizers now using Nalcite SBR-P 
in place of older type resins. Excellent particle 
size characteristics add to the efficiency of Nalcite 
SBR-P. Optimum bead size facilitates foreign mat- 
ter removal, minimizes expansion during back- 
wash, and permits use of less freeboard in many 
installations. High flow rate mixed bed demineral- 
ization and applications which subject resin to 
considerable physical handling are other areas 
where Nalcite SBR-P has proved an outstanding 
performer. 


Nalcite HCR-W* Cation Exchange resin has the 
high degree of sphericity and very narrow range 
of particle size distribution that assure low oper- 
ating pressure losses in both mixed and classified 
bed demineralizers. Virtually stress-free HCR-W 
spheres reduce breakage due to regeneration, high 
flow rates or other causes—including drying. 
Nalcite HCR-W beads also resist channeling and 
packing. Nalcite HCR-W has excellent physical 
and chemical stability under most severe deminer- 
alizer operating conditions, plus high exchange 
capacity to make your demineralizers grow in 
efficiency for you. 
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Replace All or Part of Resin? 


Replacement of entire beds with Nalcite SBR-P 
and HCR-W is the way to boost demineralizer 
performance and capacities to top efficiency. Par- 
tial bed replacement may be made with Nalcite 
HCR-W, regardless of the type of cation resin 
used, but due to possible density differences which 
may adversely affect anion exchanger perform- 
ance, addition of SBR-P to other anion exchangers, 
exception in mixed beds, should be made only after 
study. To be sure of your replacement resin bene- 
fits, consult your demineralizer equipment manu- 
facturer, who can engineer these new improved ion 
exchangers into your demineralizer. Write us if 
you have any questions. 


Data on lon Exchangers 


Progress in the practical science of using ion ex- 
changers efficiently is discussed in Nalco Reprint 
84: “Developments in the Understanding of Ion 
Exchange.”’ Practical ion exchanger applications, 
improved laboratory methods, new ion exchange 
materials, and more efficient operating technique 
are discussed. 

New Nalco Bulletins: (HCR-W) Z12 and 
(SBR-P) Z13 provide extensive technical infor- 
mation on these efficient Nalcite lon Exchangers. 
Your request for any or all bulletins will be 
honored promptly. 

*Registered trademarks of Nalco Chemical Company 


NALCO CHEMICAL COMPANY 
lon Exchange Division 

6234 West 66th Place . Chicage 38, Illinois 

Subsidiaries in England, Italy, Mexico, Spain, Venezuela 
and West Germany 

In Canada: Alchem Limited, Burlington, Ontario 
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Three Yarway Integral-Strainer Impulse 


HIGH STEAM PRESSURES AND 


Traps draining main steam lines in large 
mid-west power plant. Other Yorwoy 
traps drain extraction lines in same plant. 


Yarway Integral-Strainer Impulse Traps 


TEMPERATURES CALL FOR YARWAY 
INTEGRAL-STRAINER STEAM TRAPS 





2500 psi. 





Yarway Integral-Strainer Impulse Steam Traps 
drain some of the hottest steam lines in the country — 
temperatures up to 1050° F and pressures as high as 
2500 psi 

When system is being warmed up these traps have ample 
capacity, yet will handle relatively small amounts of condensate 


without losing prime . and in the presence of dry or superheated 


steam, the trap valve remains in closed position. 


ore available with welding or flanged 
connections. Pressures 600, 1500 and 


Leading utilities and other high pressure steam plants appreciate the other YARWAY 
advantages, too, such as small size, light weight, steel construction, easy maintenance. 


For complete description write 


YARNALL-WARING COMPANY « 100 Mermaid Avenue, Philadelphia 18, Pa. 
THERE’S A YARWAY IMPULSE STEAM TRAP 


SERIES 40 


For heavy loads requiring 
extra high capacity 
steam traps. 


SERIES 60 No. 30 
and 120 


For all 


4,” size only. For extra light 
condensate load opplications 
normal trap 
requirements, ( 
pressures 
to 400 and 


600 psi. 











FOR EVERY TRAPPING NEED 


INTEGRAL-STRAINER 
HIGH PRESSURE TRAP 
For high pressures, high 
femperotures. (Flanged or 
welding 
connections.) 


IMPULSE STEAM TRAP 


OVER 1,300,000 
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Hall Industrial Water Report 


VOLUME 8 


JULY 1960 


You Don’t Need a Crystal Ball 


There are times when you wish that a look into a crystal ball would 
tell you what is happening in boiler tubes, turbines, water lines, heat 
exchangers and condensate systems. Are deposits forming? Is corro- 


sion occurring? 


Actually, you don’t need the crystal ball. Simple water tests will 


usually tell you what is going on 


whether water conditions are satis- 


factory for control of deposit formation and corrosion or whether changes 
should be made in chemical treatment to avoid trouble. 

Interpretation of water analyses is everyday business to Hall Labora- 
tories engineers. One of their functions is to teach operating personnel 
the test procedures and what the resulting numbers mean. And the 
Hall engineers can help you in many other ways to keep your plant 


operating with a minimum of water problems 


in boilers as well as in 


cooling, process or waste disposal systems. 


Water Not Rempensliile 


Just when operation of a new 
boiler in a Canadian plant was well 
under way there was trouble. After 
six months’ operation a side wall tube 
failed due to cracking. Then three 
months later another cracked. 

Water conditions were blamed 
The Hall engineer was called in. He 
was able to show that satisfactory 
water conditions had been main- 
tained because the operators he had 
trained had conscientiously carried 
out the chemical feeding and testing 
program. Furthermore, metallo- 
graphic examination of specimens 
frora the cracked tubes showed that 
the problem was corrosion fatigue 
This pointed to alternate overheat- 
ing and quenching which could only 
result from discontinuous cooling by 
the water. 

More water to the side wall tubes 
was provided by the installation of 
additional water supply tubes 
Cracking stopped and the boilers 
have now op“rated more than three 
years without an unscheduled outage 


From Heat Pumps 
to Dishwashers 


Diverse types of equipment in- 
cluding heat pumps, hot water 
boilers, steam boilers and cooling 
towers were utilized for heating and 
cooling in a county school system. 
Hall Laboratories was retained to 


DIVISION OF 


tackle the numerous scale and cor- 
rosion problems. In addition to 
equipment, more than fifteen miles 
of piping were involved, some of it 
buried in concrete. 

Hall field engineer H. V. Gedney 
made a thorough survey of water 
usage and equipment at each school 
A water conditioning program was 
then initiated at each and respon- 
sible personnel attended a water 
treatment school conducted by 
Gedney. 

Good results followed. After a 
year’s operation corrosion was found 
to be greatly reduced. Scale problems 
had disappeared. But water always 
causes trouble—-Gedney was asked 
next to solve the problem of corro- 
sion and deposition in the dishwash- 
ing machines. 


Hunting lron 


Heavy accumulation of iron oxide 
in boilers at a municipal power plant 
made necessary frequent cleaning of 
the boilers. Since tests showed that 
the iron was entering the boilers in 
the feedwater, Hall field engineer 
E. R. Lang recommended increasing 
pH value of condensate and feed- 
water by use of a neutralizing amine 

Hagamin®). This would minimize 
corrosion in preboiler equipment and 
piping and thus reduce iron content 
of the water. 

Reduction of iron concentration 
was not as great as expected. Further 


HAGAN CHEMICALS & CONTROLS 


NUMBER 4 


testing led to the discovery that the 
main source of iron was the zeolite- 
softened makeup water which came 
from the treated water storage tank. 
Iron concentration of this stored 
water was more than one hundred 
times greater than iron concentra- 
tion of the softened water. 
Makeup water is now supplied 
directly from the softeners. The 
stored water is used only in emer- 
gencies. Iron oxide accumulation in 
the boilers is no longer a problem. 


Dancing Water 


When suddenly faced with wildly 
fluctuating water levels and heavy 
carryover from the boilers, the op- 
erating men at a steel fabricating 
plant called in Hall field engineer 
M. E. Osmond. Quick action was 
necessary so Osmond temporarily 
quieted the boiler water with a 
Hagan antifoam. This gave time to 
hunt the cause of the unusual trouble. 

Condensed steam samples collected 
for conductivity tests were found to 
contain oil. The first condensate col- 
lection tank checked was found to 
be loaded with oil. Further tracing 
led to a tank in which quenching oil 
was heated with a steam coil. The 
coil was leaking, admitting oil to the 
condensate. 

Once the source of trouble was 
located, correction was easy. The 
condensate from the heating coil was 
diverted to the sewer until repairs 
could be made. 


Water is your industry's most im- 
portant raw material. Use it wisely 


How Consultants Solve 
Industrial Water Problems 


There are no “‘stock answers” to 
industrial water problems. A new 
24-page booklet, “‘Hall Laboratories 

Industrial Water Consultants,”’ 
describes the many ways industry 
can use water most economically. 
For a copy of this booklet, write on 
your letterhead to: 


HALL Lasorarories 
HAGAN CENTER, PITTSBURGH 30. PA 


Consuitants on Procurement. Treatment 
Use and Disposal! of industrial Wate 


INC 
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Announcing a major advance 
in Piping Technology... 


is’ Cc FLEXIBILITY 
X POWER PIPING 


An efficient computer analysis of the phys- 
ical reactions of a complex piping system 
which will occur in actual operation is now 
a reality! This remarkable achievement in 
piping technology is the result of a three- 
year project initiated by Pittsburgh Piping 
with The Service Bureau Corporation, a 
subsidiary of IBM. It utilizes the incred- 
ible speed and “memory” of today’s elec- 
tronic computers to make literally millions 
of calculations which provide a complete 
solution of end reactions, stresses, and 
deflections. 

But, the computer is only a tool — the 
essential factor in the success of computer 
analysis of power piping flexibility is the 
ease of preparing input data. In this phase, 
the programming and analytical resources 
of The Service Bureau Corporation to- 
gether with the experience of Pittsburgh 
Piping in the power field has led to the 
success of this program. We shall be glad 
to discuss this development with you, as 
it applies to a power piping or similar 
installation. 


UNIQUE FEATURES 


This isometric drawing is of a 
major power station 5 main steam ‘ 
piping ‘syutemn fabricated by Pitt > Provides accurate, advance knowledge of reactions, stresses, and de- 
yurgh Piping. This system ha 

been completely analyzed for flections at every vital point of a power piping system. 
flexibility by computer procedure 

There are 597 points in the sy 
sot aiken aan eaeteake } > Enables designer to have complete flexibility analyses made of several 
———. ss. a ae BY oe piping layouts in less time at less cost than formerly has been required 
on end reactions, stresses. an ‘ 
flections. To illustrate the enor G to check one design partially. 
mity of the calculating work in 

volved, it is estimated that one 


—_ > = ee and i > Can be used to pre-determine the physical reactions of any piping sys- 
or a ays 2 wee ment ~~ 
Sous b aa. cane seanion 40 tem, made of any material or combination of materials, for operation 


years to calculate the anchor and y e 2 at any temperature or pressure. 


constraint reactions alone 




















> Accounts for every movement or complex of movements. 


> Skillfully programmed, it is a thoroughly dependable, remarkably effec- 
main steam piping sys- tive method for the piping engineer to use in designing an optimum 
- Type 316 eer system which results in reducing the overall cost of building and 
' per g@4 0 
0 psi. pressure and 1100°F operating a power station. 
perature, was computer 
anaiyzed for flexibility 


Promoting Progress IN POWER AND PROCESS PIPING 


AND EQUIPMENT COMPANY 


158 49th Street - Pittsburgh 1, Pa. 











ATLANTA, Whitehead Building « CLEVELAND, Public Square Buliding « CHICAGO, 
Peoples Gas Building « NEW ORLEANS, P.O. Box 74 « NEW YORK, Woolworth Buliding 
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Typical of the modern U.S.- Flag tanker fleet using Bailey 
controls is the ESSO Gettysburg. You'll also find Bailey 
controls aboard Naval ships, cargo ships and lake steamers. 


— “ 


~ « 
9 
” 


At the Shippingport Station, world's first full-scale atomic, electric 
power plant devoted exclusively to civilian use, Bailey instru- 
ments and controls help to secure full capacity and safety. 
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Bailey meters and controls in centralized control room at Tulsa 
Power Station, Public Service Company of Oklahoma. In 
steam-electric generating plants of this kind, Bailey has in- 
stalled more combustion, feed water and steam temperature 
controls than have all other makers combined. 


IT’S BAILEY. 


> OL O © © > OOOOO! 
jOOOO0oo alele)') 


v 


so oe ets 


for the latest and safest 
instruments and controls for nuclear 
and conventional power plants! 


Many of the power plants of the future will have unnecessary expense of over-instrumentation or con- 
controls and instruments designed and built by trol... nor the duplication of equipment functions. 
Bailey. There are two reasons: Bailey's continuing Call on Bailey for primary sensing devices, indi- 


research and development toward the latest equip- cators, loggers, control units, panels, data handling 


ment for industry's needs; Bailey’s 40-year equipment, computers for performance analy sis, and 


association with the hardware and economic supervisory controls. You'll find designs ranging 


requirements of the industry. from conventional to the most sophisticated . . . 
If you are planning new or improved power plant mechanical, pneumatic, electric and electronic, 
facilities, call on Bailey engineers to insure that including solid state. 

your system will have the proper balance both as to There's a Bailey District Office or Resident Engineer 
economics and needs . . . that there will not be the close to vou. Check vour phone book, or write direct. 


Al42-2 


instruments and controls for power and process 


BAILEY METER COMPANY 
1025 IVANHOE ROAD + CLEVELAND 10, OHIO 
in Canada—Bailey Meter Company Limited, Montreal 
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Singing 





SUPERWASHED. 
West Kentucky 
“11 Seam Coal 














Join the growing number of institutional and industrial coal 
users who are “‘singing’’ the praises of Oriole Superwashed. 
This deep mined coal is low in moisture for higher strength 
and peak performance. It is one of the highest in heat value, 
and among the /owest in ash of all Midwestern coals. Order 
now and you'll be “singing’”’ about the economical, trouble- 
free operation you get with Oriole Superwashed, too. Prompt, 
dependable delivery via river, lake or rail. 


Bell « Zoller Coal Company 


208 South LaSalle Street, Chicago 4, Illinois 
Since 1886 . St.Louis - Minneapolis . Omaha -. Louisville . Terre Haute, Ind. - Fond du Lac, Wis 
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A Nalco PRODUCT MANAGER 





Answers Questions about Steam Condensate Systems 
Corrosion . . . and How fo Control It 


Costs of Equipment Repair 
and Replacement Can 

Be Cut Drastically with a 
Sound Control Program 


Industry still pays a huge annual bill for down-time, 
equipment re plac ement and repairs made necessary 
by steam condensate corrosion. Much of this cost can 
be eliminated by knowledg: what the problem is 
und action toward solving it. Here are answers to 
some basic questions that m be helpful to you 


Question: What does corr: n do in a steam conden 
sate system 

Answer: Corrosion literal its up the metal in the 
system from the inside. Piping, valves, pumps, and 
process equipment can be seriously damaged or ruined 
by corrosive condensate. Even boilers can be damaged 
by deposits resulting from met 1l oxides in corrosive 


returned condensate 


Question: What caus condensate corrosion? 


Answer: Most condensa tem corrosion is caused 
by carbon dioxide and ox irried into the system 
with the steam. Carbon dioxi dissolved in the pure 
condensed steam, forn wive carbonic acid If 
oxygen is present with carbon dioxide, the corrosion 
rate is much higher to produce localized 
pitting. Ammonia tion with carbon diox 


ide or oxygen itt cs copper liovs 


Question: What corrosion prevention 


program 
Answer: ‘There hree factors which should be 
examined In s ig i ie! ite corrosion-preven 
tion program 

Softening t r pretreatment of boiler feed 
water should be designed to reduce the quantity of 
potential carbon dioxide that n be released from the 
boiler. Effective deaeratior 


reduce oxygen content. Attention to both of these will 


if feedwater also helps 


make the final condensate corrosion prevention treat 
ment more economical 
b. Mechanical design of the system should includ 
such factors as maximum venting of corrosive gases 
dequate locities in lines, proper installation and 
maintenance of traps climuines Lion of severe steam 
impingement 
An effective chemical! 
be set up. Treatment may be either with a volatile 


reatment program should 


imine chemical to neutralize carbon dioxide, or with 
1 filming inhibitor which forms a protective barrier 
between the metal and the rrosive condensatés 
Another iniportant part of the chemical treatment 
program is continuous application of a fast acting 
chemical oxygen scavenger to the boiler feedwater 


Question: Can Nalco provide recommendations for a 
complete condensate control program? 

Answer: Yes. Nalco will make a thorough survey and 
make recommend ations lor : complete corrosion 
control program 


Question: Which type of chemical treatment is best 
volatile neutralizing amine or filming inhibitor? 

Answer: This depends on the system to be treated 
Plant layout and operating conditions, and the char- 
acteristics of boiler feedw re some of the factors 


which should be taken int« nsideration. Generally, 
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James M. Seamon, Manager 
Nalco Power Industry Chemicals Department 


volatile amines are most desirable where low make-up 
volume, low feedwater alkalinity and good oxygen 
control exist. Filming inhibitors usually provide most 
economical protection in systems with high make-up, 
oxygen in-leakage, high alkalinity, or where the sys 
tem is operated intermittently. In some plants, a com 
bination of protective « hemicals may be needed 

his is the area where Nalco know-how can result 
in thorough protection at minimum cost, by recom 
mending a specific program to fit individual plant 


conditions 


Question: Ian't one condensate corrosion contro! chem- 
ical about the same as any other’ 

Answer: Definitely not. Both the volatile amines and 
filming inhibitors are complex chemicals— members of 
chemical “‘families"’ in which a nearly infinite variety 
of types is possible. Best treatment chemicals are 
those which offer the greatest protection in relation to 
their cost. Even though Nalco chemicals are now out 
standing in results-per-dollar, Nalco research and 
development continues in order to improve this ratio. 


Question: What help can Nalco provide in setting up 
and maintaining a condensate corrosion control pro- 
gram 

Answer: Your Nalco Representative has the technical 
training and experience to be of substantial assistance 
in setting up a mal Thal in effective condensate 
corrosion contre! program. His service is backed by 
the facilities and experience of the entire Nalco organi 
zation. Where special problems occur, Nalco special- 
ists are ready to help him find answers promptly 
Suggestion: Call your Nalco Representative, or write 
to me for further details on Nalco steam condensate 
corrosion control] or data on any aspect of modern 
water treating practices for better plant operating 
efficiency. James M. Seamon, Manager, Power Indus 
try Chemicals Departme nt 


NALCO CHEMICAL COMPANY 
6234 West 66th Place . Chicago 38, Iilinoi« 
Subsidiaries in England, Italy, Mexico, Spain, Venezuela 
and West Germany 
In Canada—Alchem Limited, 
® Burlington, Ontario 


.-- Serving Industry through 
Practical Applied Science 





MARYLAND CONDENSER 


DESIGN keeps these points in mind— 


e EFFICIENCY © SIMPLICITY © MAINTENANCE ¢ ECONOMY 


Large steam dome assuring effective distribution Air cooler plenum orifices to control 
of steam to all parts of condenser longitudinal steam distribution 
with minimum impingement 


\ Joint prepared to suit 
turbine exhaust connection 


—_— 


Optional stainless or belt type ¢ 
expansion joint ‘ 
4 Stiffeners arranged for maximum reinforcement 

and minimum interference with steam flow 


Nozzies located to assure 
flooding of all tubes ~~ 


Full tube support plate 
for stiffening 


Laning designed for effecting 
steam penetration 
with minimum pressure loss 








Large steam by-pass areas 
for reheating and deaerating 


Air offtake 








Sufficiently numerous — i ii 
large manholes ror il! All return connections 
: / qi have impingement baffles 


Deaerating hotwell vents 


Reheating and deaerating 
condensate trays 





Trays arranged for 
hotwell water seal 


All circulating water connections 


streamlined for minimum turbulence Maximum condensate storage capacity 


with minimum height 


WRITE FOR NEW BROCHURE. It’s yours without cost or obligation. 


Industrial Products Division 
Maryland Shipbuilding & Drydock Company 


Baltimore 3, Maryland « Representatives in Principal Cities 
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"i 
HIGH PRESSURE 


performance that makes a world of difference 


Gate, Non-Return, Globe, Angle “Y™, and Check Powell features of superior design and construction. 
Patterns—All Commercial Sizes—for—150 to 2500 Many of these Powell Valves are stocked for quick 
Pounds and Higher; Temperatures—sub zero to 1200 F. delivery. Contact your city’s Powell Valve distributor. 

To handle the increasingly higher pressures and tem- Or write directly to us. Our engineers will quickly solve 
peratures required by modern industry, Powell offers your flow control problems encountered in handling 
the highest quality steel valves with many exclusive water, oil, gas, air, steam, corrosive fluids. 


Powell... werld’s largest family of valves 
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THE WM. POWELL COMPANY « DEPENDAGSLE VALVES SINCE 1646 « CINCINNATI 22, OHIO 
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gure 


Dependable, safe delivery fr 
fleet of 68,000 ai cars and the 
of CLIC, C&0’s Car Location 

ter. Year after year, mines 

are assured of an adequate 
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COAL IS CERTAIN ~- available 


for centuries in quality and quantity 


In Chessie’s coal basin alone, the tremendous recoverable reserves point out the 
basic good reason for coal’s steady growth in utility, metallurgical and industrial 
markets. For coal is certain—the one fuel offering a stable, economic supply for 
centuries, not decades. 

Today’s mines, and tomorrow’s, are rich in high quality bituminous coal 
economically available through modern mechanized mining technoiogy . . . trans- 
ported dependably and at low cost by Chesapeake & Ohio . . . capable of producing 
peak BTU efficiency in advance-design combustion equipment. 

It will pay anyone faced with the problem of modernization to rediscover coal in 
terms of reliability, economy, efficiency, and convenience. Today, or centuries 
from now, there will be ample supply to outlive the life span of the finest com- 
bustion plant. 


Chesapeake and Ohio Railway 


Terminal Tower * Cleveland 1, Ohio 


0, (llindabilitg. (xe (haceyperlalion 








Coal is clean as well 2s econom or mo C40 Fuel Service Engineers offer free con Chessie’s 5100-mile Route directly serves 
ern institutional heating. Advancements fn sultation in C&O's market areas on any problem over 300 fine bituminous coal mines. C&0's 
handiing and combustion ie t of combustion, application, equipment or pliant vast coal operation includes transshipping 
static precipitators and other vices arrangement. Write to: ®. C. Riedinger, General terminals at Presque isie at Toledo, Ohio 
vent air pollution make coal t de Coal Traffic Manager, at the address above and Newport News on Hampton Roads, Va 


CHESSIE SERVES THE COAL BIN OF THE WORLD 
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WHAT HAPPENS 


WHEN 


A NATION 


SPENDS MORE 
ON GAMBLING 
THAN IT SPENDS FOR 
HIGHER EDUCATION ! 


If you can find any Romans around, ask them. They lived 
pretty high on the hog in their day. That is, until some 
serious-minded neighbors from up North moved in. The 


rest is ancient history. 
You'd think their fate would have taught us a lesson. 


Yet today we Americans spend twenty billion dollars a 
year for legalized gambling, while we spend a niggardly 
four-and-a-half billion for higher education. Think of 
it! Over four times as much! We also spend six-and-a- 
half billion dollars a year for tobacco, nine billion dol- 
lars for alcoholic beverages, and billions more on other 


non-essentials. 
Can’t we read the handwriting on the wall? 


Our very survival depends on the ability of our colleges 
and universities to continue to turn out thinking men 
P 


and women. Yet today many of these fine institutions are 


hard put to make ends meet. Faculty salaries, generally, 


are so low that qualified teachers are leaving the campus 


in alarming numbers for better-paying jobs elsewhere. 


Spone 
with The Council 


vred as a public service 


for Financial Aid to Education 


In the face of this frightening trend, experts estimate 
that by 1970 college applications will have doubled. 

If we are to keep our place among the leading nations of 
the world, we must do something about this grim situa- 
tion before it is too late. The tuition usually paid by a 
college student covers less than half the actual cost of 
his education. The balance must somehow be made up 
by the institution. To meet this deficit even the most 
heavily endowed colleges and universities have to de- 
pend upon the generosity of alumni and public spirited 
citizens. In other words, they depend upon you. 

For the sake of our country and our children, won't you 
do your part? Support the college of your choice today. 
Help it to prepare to meet the challenge of tomorrow. The 
rewards will be greater than you think. 


It’s important for you to know what the impending college crisis 
means to you. Write for a free book'et to HIGHER EDUCATION, 
Box 36, Times Square Station, New York 36, New York. 


sly 
Ae 


. 
~/\= GHER BDUCATION 
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A water treatment 
MANUAL that’s 


never out of date 
| 


Dearborn helps pre-solve your water 
treatment and corrosion problems with 
a continuous flow of new and im- 
proved products . . . new applications 
new techniques . . . from its 
Technical Center in Chicago. 
Bulletins covering these—with 
specific case history data—are al- 
ways in the hands of Dearborn en- 
gineers for their application to your 
particular needs. Incorporated in 
loose leaf product-manuals—up- 
dated continuously—this material 
helps h.u give you tomorrow’s 
answers to today’s problems... 
to provide you with the thor- 
oughness in service for which 
Dearborn has been recognized 
for nearly three quarters of a 
century. 
You may obtain any part of 
the information in the manual 
from a Dearborn engineer ...or 
by writing for technical data 
covering your particular water 
treatment or corrosion problem. 
Do it today. 


RBORN CHEMICAL COMPANY 


General Offices: Merchandise Mart, Chicago 54 — Dallas - Des Plaines, Ill. - Ft. Wayne - Honolulu 
Linden, N.J.- Los Angeles - Nashville - Omaha - Pittsburgh— Toronto - Havana - Buenos Aires 
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FIRST 


was the world’s first boiler to 
produce a million pounds of 
steam per hour. To mark the 
unit's completion, a luncheon 
for 90 persons was served 
inside its furnace. 


HIGHEST 


Eddystone Station. World's 
highest-pressure utility boiler 
went into operation in 1959 at 
the Eddystone Station of Phila- 
deiphia Electric Company. This 
supercritical C-E unit serves a 
325,000-kw turbine and is de- 
signed for an operating pres- 
sure of 5000 psi and tempera- 
ture of 1200 F. 


In C-E Industrial Boilers— 


UTILITY-BOILER ENGINEERING 


When buying industrial boilers, you can get 
what you specify from a number of nianufac- 
turers. But there is an intangible quality that 
cannot be specified: C-E’s utility-boiler engi- 
neering. This is the engineering skill that pro- 
duced the first million-pound-per-hour boiler in 


C-E Vertical Unit, Type VU-55. 
Available in 5 sizes from 70,000 
to 140,000 ib/hr. Operating 
pressures from 250 to 750 psi 
for all sizes and for up to 300 F 
of s.nerheat. Utility-type tan- 
gential firing. Designed for con- 
ventional balanced draft or 
pressure firing. 


C-E Vertical Unit, Type 
VU-10. Available in 9 
sizes from 10,000 to 
60,000 Ib/hr. Operating 
pressures to 47§& psi, 
superheat to 150 F in 





20,000-60,000 range. 
Efficient over a wide 
range of output. Coal, oil 
or gas-fired. 


WRITE FOR CATALOGS 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; 


PAPER MILL EQUIPMENT; 


PULVERIZERS: FLASH DRYING SYSTEMS: PRESSURE VESSELS: SOTL PIPE 





7 LARGEST 


Will County Station. Work is in 
progress on an additional! 
510,000-kw C-E unit for the 
Will Courity Station of Com- 
monwealth Edison Company, 





Chicago. The largest boiler ever 
ordered by an American util- 
ity company, the new 20-story 
structure will require over 450 
carloads of material. 


© GIVES YOU EXTRA QUALITY 


1929, the world’s highest-pressure utility boiler 
in 1959, and is now at work on the largest boiler 
ever ordered by an American utility company. 

Because C-E engineers are accustomed to the 
uncompromisingly high standards of the electric 
utilities, you can expect many extras when C-E 


builds an industrial boiler. These show up as 
refinements in design, uniformly high-quality 
materials, superior manufacturing techniques. 
For catalogs or other information, contact C-E 
headquarters or your nearby branch of C-E’s 
nationwide sales and service organization. 


C-E Package Boiler, Type VP. Available 
in two types and in a wide range of 
sizes from 4,000 to 90,000 Ib/hr. Oper- 
ating pressures to 700 psi, tempera- 
tures to 750 F. Reinforced, gas-tight, 
welded-stee! casing. Ready to install 
on simple concrete foundation. 
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Combustion Engineering Building » 200 Madison Avenue, New York 16, N. Y. 
Caneda: Combustion Engineering-Superheater Ltd. 
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This ion exchange unit 
deionizes boiler make-up 
water at Crown Zellerbaéeh 
paper mill, Bogalusa, 


Louisiana. 


AMBERLITE ion exchange resins 
voxel alelidie)amm' c-14-) am ce) am @l ge) 10m 4-11 (-1 0 el-lei nim ole) 


AMBERLITE ion exchange resins are used to remove 
silica and other ionized impurities from make-up 
water for high pressure boilers at the Bogalusa Mill 
of the Crown Zellerbach Corporation. The deionized 
water is needed for 900 psi boilers that supply steam 
for turbine-driven power generators. Effluent steam 


from the turbines is piped to paper-machine drvers. 


To furnish the make-up, well water containing the 
high silica level of 30 ppm is fed to a two-bed deioniz- 
ing system having 127 cubic feet of AMBERLITE I R-120 
in the cation exchanger and 207 cubic feet of 
AMBERLITE IRA-400 in the anion exchange unit. 
lon exchange treatment reduces silica content to 
0.20 ppm and conductivity to 4 micromhos. 


Flow rate of the water-conditioning system is 350 
gallons per minute. Design specifications call 

regeneration of the ion exchange beds after treat- 
ment of 505,000 gallons of water. However, the high 
capacity of the ion exchange resins has permitted 
the units to run consistently far beyond this limit, 


22 


without exceeding the guaranteed silica vontent 


the treated water. 


Water conditioning is only one of the many fields 
in which AMBERLITE ion exchange resins have solved 


¢ 


commercial problems. Others include recovery of 
costly metals from industrial wastes, removal of 
contaminants from numerous chemicals, and extrac- 
tion of pharmaceuticals from reaction mixtures. 
Write for our booklets Jon Exchange with the 
AMBERLITE Resins and If You Use Water for more 


information on ion exchange applications 
AMBERLITE is a trademark, Reg. U.S. Pai. Off. and 


in principal fore qn countries. 


COMPANY 


THE RESINOUS PRODUCTS DIVISION 
Washington Square, Philadelphia 5, Pa. 
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How to win 
an obstacle race 





This drawing represen steam flow through cently completed construction of a new air 
the connecting piece of surface condenser test facility. Especially designed to permit 
To get from the turbine exhaust to the con study and measurement of fluid flow and turb- 
densing surface, the im has to run a veri ulence problems, this facility enables I-R engi- 
table obstacle race—passing over and around neers to determine, with greater accuracy than 
complex maze f heaters and extraction ever before, the best overall heater arrange- 
piping. ind steam dome geometry for lowest 
Proper location of these elements is a vital possible back pressure at the turbine exhaust. 
consideration of ndenser design. If the “ob If you need a condenser — regardless of size 
r minimum imped or capacity you can benefit from Ingersoll- 

may save as much Rand's experience and imagination in design, 

ire, which means backed by modern engineering and research 

juced plant operat facilities like the new air test facility and elec- 

tric computer performance optimization. Ask 

rk out of the steam your Ingersoll-Rand engineer for complete 


Ingersoll-Rand has re information 











Ingersoll-Rand 


4-993 11 Broadway, New York 4, N. Y. 





COMPRESSORS + GAS & DIESEL ENGINES - PUMPS - AIR & ELECTRIC TOOLS - CONDENSERS - VACUUM EQUIPMENT - ROCK DRILLS 
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UNRETOUCHED ACTION PHOTOS PROVE 
SUPERIOR PERFORMANCE OF 


» 


an ordinary cyclone 


THE BUELL CYCLONE 
with Shave-Off 


These are photographs of as true a test as can be made under 
laboratory conditions. Notice the difference in the dust patterns! 
In the Buell Cyclone, on the left, the dust at the top makes less 
than one revolution before it is trapped by the Shave-Off. It’s then 
channeled down to the lower portion of the Cyclone, well below the 
clean gas outlet 

Why is the Buell Shave-Off so effective? Primarily because it har- 
nesses the double-eddy current to convey the dust “fines” downward 
quickly, thereby promoting greatly increased efficiencies. In the 
ordinary cyclone, as shown on the right, these “fines” concentrate 
and recirculate at the top, causing erosion of the cyclone. To be 
collected, the fine dust must travel downward close to the clean 
gas outlet where much of it escapes. Buell 

Cyclones have made an impressive record 

in many years of trouble-free service. To 

see how their extra efficiency in the 


Shave-Off can pay off for you, send for our - ies! 
Cyclone Catalog #103. The Buell Engineer- Wwe 
ing Co., Inc., 123 William Street, New York ~~. 


38, New York. Northern Blower Division, 
6404 Barberton Avenue, Cleveland, Ohio. 
(Subsidiary: Ambuco Ltd., London, England.) 


CYCLONES + ELECTRIC PRECIPITATORS * BAG COLLECTORS * COMBINATION SYSTEMS + FANS + CLASSIFIERS 
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EDITORIAL 


Independence Day — 1960 


It wasn't t mg ago when 4th of July was celebrated in every town with a parade 
political speeche id a general feeling of all's well with the world. Independence Day 
1960, presents entirely different pictur: 

An address Vice Admiral-naval engineer Oc. acilio Cunha, Brazil, before the first 
term appointees of the International Institute of Nuclear Science and Engineering at Ar 
gonne National Laboratory poimted up the difference There has been in our days 4 
radical change in the basic concepts of elite formation the destiny of any nation today 
is in strict dependence on the technical and scientific capacity of the men responsible for 
the national progres If we may read into the Admiral’s use of the word, capacity, the 
tools as well as the technology we are in full agreement 

Every nation has within its populace minds capable of mastering, and yes advancing 
practically at urrent achievement in pure science ro turn this accomplishment of 
science to the national good requires prodigious engineering skills, vast equipment develop 
ments, somewhat ruthless regard of past practices. Our colleague Engineering, in its 
column by Capricorn, worded the problem confronting any of us who want to remain inde 
pendent competitors in the world’s market place 

We quot Phe difference between armaments and peaceful products is that armaments 
are developed through competition that is technical whereas peaceful products are pro 
duced by mpetition that is econom In one case there is little thought of the cost 
in the other t is the basic consideration If then, the Americans and ourselves wish to 
preserve progressiveness in engineering in spite ol disarmament, we must be prepared to 
isolate selected fields of engineering from the ordinary economy of the country 

Political factors encourage fabulous armament developments, but would pigeon-hol 
the report of a liminary study of a transport system that could revolutionise the economy 
of the counts . 

ngineering development is governed by political forces.’ 

diately before us is to meet the situation Capricorn so neatly defines and 
for which iggests a solution Che public utihty industry, aided by a number of its 
supplier is als ly embarked on a continuing program to isolate the elusive In spite 
of strict regulation and heavy tax bites the investor-owned utilities are seeking new ways 
to convert energy from one form to another directly from fuel to kilowatts if you will! 
Intensiv lopment programs for fuel cells, thermionic conversions, thermoelectricity 
ly underway. For this imaginative and dollar 
we salute the industry for marking out the channels for more and more 


Miynamics are alreac 


\s representatives of the fuel-using technology we are happy to lend 
to this courageous program Immediate financial returns seem remote 
path to vigorous growth We're proud to be part of an industry that 


€ mcoie 
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ASA Standards For Pulverized Fuel 
Systems 


COMBUSTION presents here the complete new Code 
Z12.7-1959 for the installation and operation of pul- 
verized fuel systems, in the interest of improved safety 
and availability. NFPA standards* are purely ad- 
visory but are widely used by law enforcing and 
specifying authorities in addition to their use as safety 
guides. Suitability of devices and materials for in- 
stallation under this code is determined by the listings 
of recognized and approved testing laboratories 
such as Underwriters Laboratories Inc., Underwriters 
Laboratories of Canada and Factory Mutual Labora- 


tories 


Chapter 1 


11 Historical Background 


111 ‘The 
Fuel 


during the early development 


Installation of Pul 
1924 


initial Code for the 


Systems (No. 60) was 


verized idopted in 


of equipment for burning 


pulverized fuel in suspension. With successive amend 


1926, 1927, 1930, 1933, L938), this code was 


ments (1925, 
continued until 1945, at which time it was superseded by 
title, Code for the In 


Pulverized-Coal Systems 


a new code under the 
Stallation and 


No HOA 


final amendment in 


separalk 
Operation ol 
adopte lin 1945 The earlier code, with a 
1946, was maintained in effect for 
equipment installed prior to 1945 

112 The distinguishing feature of the new code, 


provided greater safety in operation, and was made 


which 
pr it 


ticable by the evolution and improvement of equipment 


design, is represented by its requirements for strength of 


equipment capable of withstanding internal explosiot 


} 


pressure of 50 psi, without dependence upon venting 


facilities in equipment and buildings for 


relief of explo 
sions, as specified by the earlier code 


113 \ complete revision of Code No. 60A 
title, in 


was pre 


pared and adopted, without change of 1956 


In that revision, the major provisions of the 1945 code 


were retained, and additional material was incorporated 
developed t 
approved by the American Standard 
0 cents each from ASA. Dept PR 
y 


* This code wa 


26 


Contents 


a a ee eae 


Chapter General Requirements 


Installation of Pulverized 
ETO TTT Te 


Chapter 


Lighting and Operating Pulverized 
Fuel Systems... 


Chapter 


Chapter Fire Prevention and Fire Protec- 


Introduction 


Although 


ogmtion 


to bring the code abreast of current practice 
installations re¢ 


retaining the 


ipplying specifically to new 
wain was made of the 
initial code in effect for equipment installed prior to 1945 

114 Upon review by the Committee on Dust Explo 


sion Hazards, in 


earlier systems by 


January 1957, it was concluded that the 
initial code should be retired from active status, because 


of the rapidly diminishing number of systems to which it 
ind re pl cement, 


ling 


might ipply is a result of obsolescence 
ind general acce ptance ol the later code by an expan 
industry Since the provisions of the later code are also 
ippropriate for pulverized fuels, other than coal, it was 
and code number of 


decided to employ the broader tith 


the earlier code for this new revisior 


12 Purpose and Scope 
121 The present 


Operation ol Pulverized-Fuel 
sedes prev ious editions of Standards No. 60 and 60A ind 


Installation 
Systems (No. 60 uper 


Standard for the 


is applicable to new installations and tu major alterations 
or extensions of existing equipment for the preparation 
and burning of fuel in pulverized form, except as noted 11 
Sections 124 and 125 Che standard is not retroactive 
122 Systems installed prior to the adoption of 
shall 
ilterations, to 


effect at the time of it 


this 


conform, for maintenance and miunort 


the provisions ol the codes which 
stallation 


standard 
were 
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123 
feeder of the pulverizer and ends nominally at the burner 
er, to 


rhe scope of this sta: begins at the raw fuel 


It necessarily extends, hows operations beyond the 


burner, such as lighting-off ictice, purging of furnace 


ind precautions in the usé ilternate fuels, such as oil 


ind gas; in so far as these are related to safe utilization of 


pulverized fuel in combustion equipment 
t be considered mandatory 


124 
] 


for fuels of inherently low explosibility, 


This standard shall 
such as Pennsy!l 


inia anthracite, or other solid carbonaceous fuels having 
volatile matter content 
basi 


his standard do 


ner cent or less, on the dry 
mineral-matter-free 
125 


use of fuels in oxygen-enric!] itn 


ver the pulverizing and 
iospheres, in which the 
explosion hazard is pot greater than in normal air 

126 Recommendatior for the 
operation of coal driers art luded in the 
Dust | ions in Coal Preparation 


construction and 
Standard for 
the Prevention of 
Plants 


13 Definitions 
131 
| | 


defined 


In this star 


1 


he LOW 


SHALL 18 intended to indicate requirements 
SHOULD 1s intended indicate recommendatior 
that which is advised but 1 required 
\PPROVED refers to approval by the 
of the 


PPRECIABLI 


withoritv having 


jurisdiction in the enforcer standards 
lhe 
SECURELY, et 
to determination of the 
\UXILIARY AIR Add 


which 


terms ADEQUATEL' EFFECTIVI 


, shall be is conditions subjec 

jurisdiction 
hot cold 

exhauster inlet 

it the 


, not necessarily dust 


ving 
either 
may be introdu 
burner lines to increase the primary air burners 
BARRIER VALVI As 

used is protect gainst 


back 


nspection or m 


furnace ¢ (plosiot 


eling into pul r exhausters opened for 


untenal 


Blow TANK \ ce transporting pulverize 


material. consisting ol 


verized material into whicl pressed air is admitted to 


7 
; 


in aerated mixture ows through a pipe t 


sired hy ] 


the ce 


CHeck \ : lve w h allows flow in one dire« 
eats 


flow of 
but ire 


to control the 
oa uitable type 
v butterfly damp 

NI \ 


irates the pulverize: I | from the 


separat hicl ty centrifugal ction 
Pulverizer Aur 
i Storage ovystem 
Diviper The fitting 
m into two or more 


ST COLLECTOR 


splits a single fuel and ai 


rate pipes, as in Fig. 3( 


cilary separator used 1 


Systems to separ the coal dust from the vented 


orTrage | 


prior to discharge of the latter to the atmosphere or 
ck 
VALVES \ used to shut off burner 


irrying fuel 


TIGHT 
lines or any 


Dust 


line « suspension These may 


plug cocks, rubber-seated butterfly dampers, rubber 


1 
ited ite iives 


or other suitable 
the 


Swing gates, g typ 
d shall be 
xplosions in pulverizer 
EXHAUSTER The far 
Air’ through the pulverizer and, in some cases, to 


strong enoug! » withstand force 0 


draw the Pulverizet 
iuy 
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ment this with auxiliary air. It is located at the pul 
verizer outlet asin Fig. | 

IGNITION Torcn A torch for igniting pulverized fuel 
in a burner Pypical equipment includes fuel oil guns or 
gas gui hese may be permanently installed or porta 
ble 

PIPING Pipe, fittings, valves, divider, etc., used in 
pulverized-fuel systems 

PRESSURE FURNACI 
ibove that of its surroundings 

PRESSURE Lock A device for transferring pulverized 
fuel zones of different without 


mitting appreciable flow of air or gas in either direction 


\ furnace that ts operated ita 
pressure 
between pressure per 
[t shall incorporate sealing elements which prevent the 
occurrence of any continuous flow channel from one zone 
to the 

PRIMARY 
fuel to the 
he the 


other 

Ar The 
burners In 
Pulverizer 


uir used to convey the pulverized 
Direct-Fired Systems this may 
Air, 


is augmented by 


same as although in some cases 


the ‘‘Pulverizer Aur wuxiliary air bled 
in at the , 
iround the pulverizer as in Fig 
Arr Fan The Pul 


through the pulverizer when it 1s located at 


iS in Fig l(a), or by passed 


l(b 
fan used to 


exhuaster suction 
PRIMARY force the 
erizer Ai 
the inlet of the pulverizer as in Fig. 1(b), or to supply the 
ur to the Storage 
Figs. 4to7 

PULVERIZED-FURL GATE 
pulverized-fuel bin and the pulverized-fuel feeder 

Pul A machine for reducing the particle size 
fa that a will 
through a No. 200 U. S. Sieve 

PULVERIZER Arr The 
pulverizer to dry the fuel and convey the pulverized fuel 
or to the 


burner lines of a System as shown in 


4, shut-off gate between the 


ERIZER 


solid material sO marr portion pass 
+4 microns 

air or gas introduced into the 
to the burners in Direct-Fired System: cyclone 
svstems 


Pump The Fuller-Kinyon 


pulverized materials consists of a high speed screw with 


Storage 


pump tor transporting 


decreasing pitch which forces the material ifto the air 


ring, where it ts mixed with compressed air, forming an 


ierated mixture, which flows through a pipeline to the 


cle sired bit 
PURGI 


that an 


SO arrange d 


A flow 


furnace 


MetTeR INTERLOCK meter 


ur flow through the munimum 
the 


iwmition 


ibove i 


umount must exist for a definite time interval before 


interlocking svstem will permit an automatic 
torch to be plac ed in operation 
Raw-Fvue._ FREDER 
trollable amount of raw fuel to the pulverizer 
Raw-Fuert Gati \ shut-off gate 
fuel bin and the feeder 
ReLieF VALVE A counterweighted or spring-loaded 
ust-tight valve that flow of 


itmosphere or to a stack vents flow in the reverse 


4 machine for supplying a con 
between the raw 
raw-fue 
illows vented air to the 
but pre 
direction 
TION Furnace A furnace that is operated at a 
pressure below that of its surroundings 

TEMPERING AtR Aint added to 
of preheated air or gas to modify its tempera 


Ste 


it a lower temperature 
stream 

ture 
PRANSPORT The and piping, blow 

tank and piping, or screw conveyor, used to transport the 


pulverized fuel from the cyclone to the pulverized-fuel 


SYSTEMS pump 


bin in Storage Systems 
Vent An outlet through which air or gas can be dis 
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itmosphere or to the stack 
ented 


charged directly to the 
VENTED Arr The air or gas 
all of the “Pul 


Irom a storage 


System It may be erizer Air’ asin Fig 


1, or only a part of the air as shown in Fig. 5 


VENT \ fan 


from the pulverizing svsten 


FAN used to draw the vented 


Chapter 2 General Requirements 


21 Building Construction 
211 


be constructed entirely of noncombustible 


Buildings housing pulverized fuel equipment shall 
materials and 
provision should be made for the prevention of spread of 
Adequate 


ill buildings housing 


fire to adjoining structures ventilation and 
window area shall be provided on 


pulverizing equipment 


22 Strength of Equipment 
221 


normally operated at or near atmospheric pressure, shall 


All equipment containing dust laden air, which ts 


be designed to withstand an internal pressure of 50 psig 
for containment of a possible internalexplosion. For oper 
ating pressures substantially higher than atmospheric, the 
design strength shall be proportionally increased by the 
amount of 50 psig per atmosphere. Materials of con 
struction, on which this strength depends, shall be steel 
or cast iron, or their equivalent with respect to retention 
of strength characteristics at the temperatures encoun 
tered in service of the equipment 

2211 If other 


allowable stress shall not exceed 


made of steel or ductile material the 


, the ultimate stre ngth of the material for cones, 


cvlinders, tie rods, bolts, studs or other sections in 
tension 
the ultimat 


areas and sections subject to bending 


strength of the material for flat 


2212 If made of cast iron or other nonductil 


the allowable shall 
strength of the material for all parts 


2213 These strength requirements shall 


taterials 


stress not exceed » the ultimate 


ipply to 


(a) Raw-fuel feeder and pipe 
6) All parts of the pulverizet 
c) Exhauster (if used 


/) Burner piping 


2214 On this shall alse 


apply to 


storage Svstems requirement 


Cyclones 

Dust collectors 
Vent 
Circulating fans 
Piping 


fans 


Transport systems 
Pulverized-fuel bins 
Pulverized-fuel feeders 


Primary-air fans handling dust-laden air 


\ ; j 
Vole Whe m hnOL was 1 lrawn from the furnace or unt 


this requirement shall apt loa ping between the furnace 


and pulverizer (including blower 1 “l) af there 1s more 


than one pulverizer connected to t ace or tf the furnace 
can be fired by other mean 


222 


on which is given the pressure 


Each piece of equipment shall have a nameplate 


tor which it 1s designed, or 


28 


the owner shall have a statement from the manufacturer 
that it conforms to the requirements of these standards 
223 requirement for 


strength of equipment may be allowed for storage systems 


Exceptions to the foregoing 
in which an inert atmosphere is maintained in all parts of 
the system in accordance with NFPA No. 69, Inerting for 
Fire and Explosion Prevention 

Vote 
produced by pulverized coal and air, when calculated for a 


com plete 


The maximum explosion pressure that could be 


confined to 
144 
farting condition of SO F at atmos phert pressure 
150 FI 


In actual 


perfect mixture wath combustion 


constant volume and with no external loss of heat, 1 
pst fora 
starting condition of 
120 pst 


never perfect, 


calculations for a 


Similar 
result in a lower pressure of 


ould 
j 


pulverized-coal systems the mixture 1 some 


of the fuom the system, and a large per 


the walls of the equipment 


products escape 


centage of the heat 1s absorbed b 
Practical 


exceed a pre 


experience indicates that few explosions tf any 


ure of SO psi 


23 Furnace Construction 


231 While it is feasible to build the pulverizing sys 
tem strong enough to withstand any possible explosion, it 
this 


Explosion vents on furnaces are not 


is not practical to build the furnace to withstand 
internal pressure 
recommended as they have not proved to be of much ad 
vantage except as a warning, because it is impossible to 
make them large enough to relieve any possible explosion 
that might occur. Actually 
hazard and their use as vents is not recommended 

232 
strong enough to withstand small puffs producing a pres 
It is recommended that all fur 


such doors may create a 


Furnace walls, however, can be constructed 


sure of '/, lb per sq in 
nace walls be equipped with buckstays capable of with 
standing a furnace pressure of 36 Ib per sq ft above normal 
with a deflection of the buckstays of 
of the 


operating pressure, 


not more than |, x span 


24 Piping 

241 4 pipe 
wall thickness greater than would be needed for pressur« 
alone Article 22 [The recommended 
thicknesses for various sizes of steel or wrought iron pip 
Table 1. Up to and including the 24 inch 
size these correspond to standard-weight pipe 


242 


lo prov ide for wear it is desirable to use 
as required by 
are given in 


Flanges shall conform to the general specifications 
of Article 22. When cast-iron flanges are used, the 25-lb 
A.S.A. B-16b2, 1931 standard, shall be the minimum 
When steel plate flanges are used, the proportions given 
in Table I shall be the minimum 

243 


plings conform to Article 22 and do not depend on frictior 


Split-clamp couplings are acceptable if such cou 
for preventing the pipe from separating 
244 


to Article 22, except that the junction of two sections may 


Flexible joints and sections of pipe shall conform 


be sealed with flexible material, provided no appreciable 
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pening becomes possible if flexible material ruptures to the current version of the National Electrical Cod 


ind the mechanical connection provided between the 
two sections shall prevent pulling apart or getting out ol 252 ~Pulverized-fuel systems installed in compliance 
line with this “Standard for the Installation and Operation of 


ae ; Pulverized-Fuel Systems,’ and completely dust-tight, 
25 Electricity for Light and Power shall not be considered hazardous locations as defined by 


251 All electrical equipment and wiring shall conform Article 500, of the National Electrical Code 


Outside 
liar 
u 
10 
1 
il 


12 
13 
14 


1s 


Chapter 3 Installation of Pulverized-Fuel Systems 


31 Classification of Pulverized-Fuel Systems 33 Valve Requirements of Direct-Fired Systems 


311 A Direct-Fired System (Unit System) is one in 331 No valves are required between the pulverizer 
which the fuel 1S pulver zed near the point of use if an ind the burners for u single pulverizer connected to one or 
air-swept pulverizer and delivered, suspended in the pri more burners in a furnace that cannot be fired by other 
mary air, directly to the burner. Systems of thistvpedo means, such as a stoker, oil or gas, provided that the com 
not employ pulverized-fuel bins. See Figs. l(a) and 1(b bustion 


312 A Direct-Fired Circulating System, Fig. 2, is a See Figs 


air to individual burners cannot be shut off 
3(a) and 3(b 

form of direct firing in which one or more furnaces, with 332 <A barrier valve shall be 
independently controlled burners, may be served by a 


installed between each 

exhauster or pulverizer and its burners for 

single air-swept pulverizer, the burner pipes branching off : ; 

from a loop header, and the surplus fuel and air being re a) A suction furnace that can be fired by other fuels 

turned through the loop to some point ahead of the fan See Fig. 3(« 

inlet 4 suction furnace connected to two or more 
313 A Storage Svstem, Figs. 4 to 7 inclusive, is one in pulverizers. See Fig. 3(d 


The provisions of Section 332 shall be required 1f 


which the fuel is pulverized and stored in bins from which Vote 
it is withdrawn through 


feeders as burned the system is designed for operation with one or more pulver 


en Wl h . ; 
32 Arrangement of Direct-Fired Systems ized-fuel burners shut off 


321 Direct-Fired Svstems may be arranged with the 3321 Barrier valves shall be closed before an exhauster 
fan located either at the outlet or at the inlet of the pul or pulverizer is opened for inspection or maintenance, as a 
verizer. The usual equipment includes protection against a furnace puff traveling back to the 
opened exhauster or pulverizer 

333 A dust-tight valve shall be installed in each 
burner pipe at the exhauster or pulverizer outlet for 


Raw fue | fe c cle r 
Air-swept pulverizer 
Exhauster or primar! 
Source of hot’ air (or flue ga a) A pressure furnace except as provided in Section 
Means for controlling tempet ‘ 331 See Figs. 3(b), 30h) and 344 

Piping and valves \ suction furnace designed for operation with one 


Burners or more pulverized-fuel burners shut. See Fig. 3(¢ 
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RAW FUEL 
aN 
HOT-AIR ’ 
OR 


FLUE GAS \ 


AUXILIARY air 


Raw- 
FUEL 
Loate 


4 RAW- 4 

FUEL i 

FEEDER 1 

a” o% N 


/ 
TEMPERING 
AIR 


BURNER 


FURNACE 














* 


‘\ 
PULVERIZER EXHAUSTER 


i (a) 


AUXILIARY-AIR 
/ BY-PASS 
CONTROL J 
VALVES 


. 7 
‘wT 
+ 


PULVERIZER — ; 


AIR CONTROL 
VALVE 











aaa 


/ 
PRIMARY AIR FAN 


1(b) 


Fig. 1.—Direct-fired unit systems 








CONTR 
vaLve 


Fig. 2.—Direct-fired circulating system. 


333 \ dust-tight valve is required if one or more pul 


verizers 1s connected to more than one furnace at a time 


See Fig. 31 
3332 <A dust-tight valve is not 
h may be 


required in the case of 


spare pulverizers, wh connected to any one of 


several furnaces when the regular pulverizer is discon 


, with a section of the discharge between 


the exhauster or pulverizer and the furnace removed, and 


all the i 


ire complied with 
33.33 


nected, 1.4 pipe 
requirements of Section 331 
All such valves shall be closed before an exhauster 
or pulverizer is opened for inspection or maintenance and 
or they shall be locked shut 


cards 


on installations like Fig. 3(¢g 
or tagged with “hold-off 

334 The dust-tight valves shall be installed in a por 
tion of the pipe sloping upward steeper than 60 deg from 
the horizontal, and in such a way that dust accumulations 
under the valve will fall into the exhauster or pulverizer 

335 Dust-tight valves shall be installed in the burner 
piping when the discharge pipes from separate exhausters 
or pulverizers are connected to the same burner nozzle 
See Fig. 3(¢ so interlocked that 
only one exhauster or pulverizer at a time can supply the 


These valves shall be 


burner nozzle, and shall be so arranged that dust cannot 
accumulate in the idle burner piping 
336 and the 


text illustrate and specify requirements for all of the usual 


Figs. 1 to 3(i) inclusive accompanying 


combinations of equipment. If other combinations are 


used, they shall conform to the principles set forth in 


this section 
34 Arrangement of Storage Systems 
341 


complete venting of the pulverizer 


Storage Systems may be arranged for partial or 
ur and water vapor 
after separating the pulverized fuel in cyclones or dust 
collectors. The separated fuel is transported to storage 
bins for subsequent supply to the A typical 


storage system includes some or all of the following equip 


burners 


ment 


30 


PULVERIZING EQUIPMENT 

Raw-fuel feeder 

Air-swept pulverizer 

Exhauster or blower 

Source of hot air (or flue gas 

Means for controlling temperature of air (or gas 

Piping 

Cyclone 

Dust collector 

Vent fan 

Cyclone air lock 

lransport system 
BURNING EQUIPMENT 

Pulverized-fuel bins 
Bin-les 
Pulverize 


el indicators 
1-fuel feeders 
Primary-air fans 
Piping 

Burners 


35 Valve Requirements of Storage Systems 
351 


verized-fuel feeders and burners of a Storage System con 


No valves are required in the piping between pul 


nected to one or more burners of a suction furnace yet 
Fig Ha 

352. A check valve shal! be installed in each vent pipe 
connecting the lector of a Storage 
System to the primary air fan or to any portion of the 
furnace or stack of a ; 
through 7 and Article 37 

353 A dust-tight shall be 


burner pipe, between pulverized-fuel feeder and burner 


cyclone or dust <« 


suction furnace See Figs. 5 


valve ustalled in each 
for a Storage System connected to one or more burners of 
Article 36 


fuel 


furnace See Fig 4 b Also Set 
lock shall be installed at 


a pulverized-fuel bin connected to a 


a pressure 

354 A 
outlet of 
furnace, 
higher pressure, 
the bin. See Fig. 4(b 


pressure each 

pressure 
to permit feeding of fuel into the burner lines at 
and to prevent flow of primary air into 


ind Article 36 


36 Primary Air Connections of Pressure Furnaces Fired 
by Storage Systems 


361 
System, the air supply to the primary air fans shall be 
taken from the forced draft See Fig. 4(b 
This is to assure that air pressure in the burner piping 
shall be maintained above that of the furnace, to prevent 
back-flow of hot furnace gases into the burner lines in the 
of the 


When a pressure furnace is fired by a Storage 


system 


event of failure primary air fan 
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SUCTION-FURNACE 


| PRESSURE -FURNACE 





NO VALVES BARRIER VALVES [C™” 


oS DUST TIGHT VALVES oS 





SINGLE SOURCE OF FUEL 


NO INDIVIDUAL BURNERS OFF MULTIPLE 


SOURCE CF FUEL 


ONE OR MORE BURNERS OFF, 
CONNECTION TO MORE 
ONE FURNACE 
CONNECTION TO OWE BURNER 


THAN ALL ARRANGEMENTS 


OR MULTIPLE ExCEPT FIG. Bib) 





(a) 


SUCTION 
FURNACE 


~~ 
SINGLE PULVERIZER 
OR EXHAUSTER 








FURNACE 
' 
OuST + 
TiGnT | 


VALVE |! 


‘22 
~~ 


(i) 


s 
OTHER 
FUELS 


ee te 


f 


i 
' 

i 
A) on 
- ¥ 


—" 


NOTE - 
FOR PRESSURE FURNACE 
INSTALLATIONS, PRIMARY AIR 
SHALL BE TAKEN FROM THE 
FORCED ORAFT SYSTEN 


VALVES 
(INTERLOCKED) 





Fig. 3.—Direct-fired systems——Valve requirements in burner piping. 


than one 


the indi 


Wher 
dust tight 
burner lines 


turnace 1s fired by more 
shall be 
the pulverized-fuel feeder 


362 


burner 


i pressure 
valves installed in 
vidual between 
ind the 


tem and the 


forced draft sys 
primary air fan. See Fig. 4(b 
interlocked that the burner line 
the 


between the 


ilso 


inlet of the 


burners, and 


These valves shall be so 


valves cannot be opened unless primary air vals 


ope Nn 
6H 2 1 \ 


ur control vals 


muinimun ill be provided on the primary 
nt its being completely ‘ 
unless the shut-« ) the burner pipes are closed 

Vote A pressur mh no 


et af 


required at the cyclone out 


OoOniy one 


. , [ - ; tn j — ; ’ j . 
pump it sna 1 1 iied, however, al each cyclone 


if more than one cyclo onnected to a single pump, or 1 


ts arranged for direct graviuly discharge into the 


pulveri ced ft 


; . j 
ne cvcione 


iel nn fhoul the use of a pumt 


>on acerer 


roMcto 
(0)qs2t5 


ee fam 


Fig. 4.—Storage system (vented air discharged ta atmosphere) 
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losed 


i 


onnected to the pulvericed-fuei 


outliel 


/ 


37 Operating Vents of Storage Systems 
371 When the 


cyclone is discharged to the atmosphere as in Fig 
an adequate height above 


When the vented air is discharged 


vented air from the dust collector or 
1, the 
the 
into 


vent shall discharge at 
building roof 
the stack, flue or breeching, the connection shall be made 
it a point where the pressure is never greater than that of 
the room in which the pulverizer is located, and each vent 
line shall have a check valve opening in the direction of 
the 
are 


In units where flue gas recirculation systems 
shall be located 
recirculated gas inlet connection in 
such the 
vented air cannot be entraimed in the recirculated gas for 
of high furnace 


flow 


employed, such vent connections 
the 


i manner that any combustibl 


down-stream of 
dust carried by 
possible introduction into a zone tem 
perature 

372 When partial venting of the pulverizing system is 
employed as shown in Fig. 5, and the 
charged into the stack, flue or breeching, 
shall be made where the temperature of the flue gas does 
d 600 F 

373 When the vented air is used as primary air to a 
suction furnace as in Fig. 6, each line shall have 


check valve opening in the direction of the flow to prevent 


vented air is dis 
the connection 


not excec 
a fan, a 
and an operating vent or 


arrangement the 
When this vent discharges above 


reverse flow from the furtiace, 


other not 


suitable to discharge air 
needed 
the roof, it shall have a relief valve opening in the dire¢ 
tion of flow. See Fig. 6 in 
Fig. 5, it shall have 
374 When any part or all of the vented air 1s delivered 
by a separate connection to a suction furnace it shall be 


The 


sutomats« 


is primary air 


If discharging to a stack a 


i check valve 


a zone where the combustion is active vent 
shall be provided with a fan and with 
auxiliary-air inlet to maintain a velocity of not less than 


It shall have a check valve 


into 
an 
70 fps in the line between 


31 





the furnace and the fan, opening only in the direction of 
flow as shown in Fig. 7 

375 Vented air from the pulverizing system shall not 
be discharged into a pressure furnace 


38 Pulverized-Fuel Bins 
381 


cal bottoms and dished or conical heads as shown in Figs 


Pulverized-fuel bins may be cylindrical with coni 


+, 5, and 6, or they may be designed with flat sides and 
top if adequately reinforced rhrough tension rods, if 
used, and all other parts of the bin should be so arranged 
as to minimize coal deposits 


382 Each bin shall have an 
direct through the roof and no openings through which an 


operating vent opening 


overflowing bin could discharge fuel inside the building 
High-level and low-level indicators shall be installed on 
indicator may 


each bin rhe high-level operate the 


distributing valves to transfer the flow to the next bin in 


RELIEF VALVE 


/ 
7 














SUCTION 
s FURNACE 


4 
CHECK VALVE 


Fig. 6.—Storage system (vented air discharged to primary air fan) 
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SEE wOTeE 
FIGURE « 


Fig. 5.—Storage system (partial recirculation of vented air) 


shall idditional 


high-level indicator which sounds an 


SeTics Each bin have in emergency 


ilarm and shuts 


down the pulverizing system 


neue? VALVE 


4 
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° 
AUTOMATIC 
AUXILIARY-AIR = al) 
INLET a x 


' ' 
VENT CHECK 
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Fig. 7.—Storage system (vented air discharged to furnace) 


Chapter 4 Lighting and Operating Pulverized-Fuel Systems 


41 Principles of Safe Lighting 
411 


erty damage have occurred in furnaces fired with gas, oil 


Many explosions resulting in loss of life and prop 


or pulverized fuel, due to improper lighting-off practices 
Che requirements of a safe lighting-off system vary so 
widely with fuel and equipment characteristics that de 

tailed 
rhe following principles are recommended 
111 


rules universally applicable cannot be written 


Before injecting any fuel into a furnace 


\ flow of clean air equal to at least one-fourth that 
required for maximum output shall be produced 
through the 
purge the 


least five 
fuel and 
gases that mav have accumulated 

Each shall be torch. No 
burner shall be put in operation by ignition from a 


furnace tor at minutes to 


furnace of any combustible 


burner lighted by a 
distant burner or from hot refractory 
Each torch should preferably be located so that its 
flame will approximately parallel and intimately 
mix with the fuel stream to obtain contact for an 
ippreciable length of time 


(¢d) The torch shall be so located as to avoid danger of 


its being snuffed out. 


$112 If the ignition has not taken place in five seconds 
ifter fuel appears at the burner, fuel to the torch and 
burner should be shut off and the furnace purged for five 


minutes. Drafts shall be checked and burners adjusted 


vefore reinser ing oren am repeat lg © itt ing opera 
bef I t t I 1 ting the lightin r 


tion 


$113 After ignition of the main fuel is obtained, the 
torches should be checked periodically for proper fur 

tioning, and should be kept in operation until all danger 
of losing ignition of the main fuel has passed 

1114 The torch should be cut out 


nition is obtained Torches left burning during regular 


ifter satisfactory ig 


operation may be a hazard, although there are some con 
ditions such as a low load where their use is justifie d 

1115 
siderable hazard is present in relighting, and deliberate 


If ignition is lost when a unit is in operation con 


and well-considered action is generally safer than at 


tempting hurried changes. When ignition is lost 
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All fuels from al irces including any torches, 


shall be ediately If the 
combustion control 


umit 1s 
operating on reset 
to manual contr 
Che unit shall be | before relighting 


If ignition is lo . relatively high rate of opera 

nd the air flow 
in a very short penod 1 tire For this case 
nition 1s lost when operating at above '/, maximum rate 
flow is allowed to remain un 
result of this air flow, shall 
is not necessary, and in fact 


not reduced, purging takes place 
where ig 


ind the corresponding ur 


changed) a 5-min purgs 


be considered sufficient It 
to maintain the air flow at this 
if the ignition was lost when oper 
maximum; hence the air flow may be re 
t is reduced to not less than 


it may not be practi 
high rate, 
iting near the 
duced gradually provid 


, the 


particularly 


maximum rate 
$117 If ignition is lost at a relatively low rate of opera 
tion, the 
longer time for purging 
ment settings that will change the rate of air flow 


procedure a proportionately 


with no change made in equip 


Safest requires 


For the case where ignition is lost when operating 
it less than maximum the air flow should be left 
period of not less than 2 min, followed by 
a gradual increase ti iximum rate through an inter 
val of not less than 2 min, and the purging continued at 


4118 


rate, 


unchanged for a 


this rate for a period of not less than 3 min, before at 


tempting to relight the burners 


+119 onclusion of purging under any of the 


I pon the 
conditions covered in Subsections 4115 through 411), the 


yrocedure directed under Subsections 4111 


‘1 


I 
through 41] 


previously 
14 followed 


shall be 
Operation of blowers may cause loss of ig 
nition if done when the ratin Soot blowers 
shall not be . fire in the furnace, unless the 
furnace has been ind 1s free from smoldering 


1120 soot 
g is too low. 
blown without 
cooled do 


7 
_ 
material 


combustiblk 


42 Torches 
421 


main fuel burners I may 
LP-Gas, or by pulverized fuel 


permanently 


shall be used to ignite the 
be fired by oil or gas, in 
They 


fuel 


IGNITION 


cluding 
yuunted or portable. The 
used in the torches shall be of suitable characteristics to 
f the torch flame when posi 


may be 


maintain stable ignitior 
tioned in the air stream of the burner in all cases the 


rate of heat release by the ignition torch shall be sufficient 
to ignite the main fuel burner in a period of time not ex 
ceeding 5 sec after pulverized-fuel appears at the burner 
$211 Onl Torches should preferably be designed to use 
No. 1 or No. 2 grade domestic fuel oil, or No 

which may be burned without 
shall be installed a 


the Installation of Oil 


i grade 


industrial fuel oil pre 
heating Permanent oil torches 


cording to the Standard for 
Burning Equipment 

$212 Gas Torches shall use a fuel gas having a calorifx 
value of not 


pressure of not less than six 


Btu per cu ft, supplied at a 
The piping 
that supplies gas to the permanent gas torch system of a 
boiler shall have two shut-off valves, with a bleed-off to 
em, and all three valves shall be 


less than HAD 


inches of water 


itmosphere between ti 
interlocked so as to operate simultaneously, opening the 


bleed-off valve the shut-off alves are closed 


whet 
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1213 Portable Torches shall be provided with a mounting 
device that will securely support the torch in the same 
position ear h time it is used for ignition purposes Port 

able torches should be completely removed from the fur 

nace when not in use 

1214 Permanent oil or gas torches may be provided with 
spark ignition or may be manually lighted by means of a 
Under some conditions a kerosene swab 
is satisfactory for lighting the main pulverized-fuel 
burner, but its use for this purpose shall fully conform to 


kerosene swab 


the requirements of Section 42] 


43 interlocks and Starting Sequence 


431 Failure of a forced-draft or 
may set up a hazardous condition in the furnace, and the 
equipment shall be interlocked to stop promptly the flow 
of fuel to the burners if the air supply is appreciably re 
duced by the failure of a fan. 

432 Interlocks and starting sequence may vary on 
different installations, and should be installed in ac 
cordance with the manufacturer's instructions 
1321 
sequence for Direct-Fired Systems are indicated in Table 
II 

322. Typical arrangements of interlocks and starting 


Pde ue 
sequence for Storage Systems (except pulverizing sys 


induced-draft fan 


[ypical arrangements of interlocks and starting 


are indicated in Table III 
Interlocks and starting sequence of the pulverizing 
separate drive on pulverizer and exhauster or 


tems 
$523 
system 
blower) of a Storage System are as follows 
INTERLOCKS 

When pulverized-fuel bins full, stops pump or con 

veyor 

‘ailure of pump or conveyor stops vent fan 

‘ailure of vent fan stops exhauster or blower 

‘ailure of exhauster or blower stops raw-fuel feeder 

Failure of pulverizer stops raw-fuel feeder 

Failure of raw-fuel feeder stops nothing 
STARTING SEQUENCE 

Start pump or conveyor 

Start cyclone air lock 

Start vent fan 

Start exhauster or blower 

Start pulverizer 

Start raw-fuel feeder 


Vote. Variable speed couplings of the electrical type for 
varying speed of forced-draft or induced-draft fans driven 
by constant-speed motors should be interlocked with the 
motors 

433 If automatic or lever-operated torches are in 
stalled, which can be electrically interlocked, they should 
be arranged so that the torches cannot be started until 
the furnace has been purged, as indicated by 


The forced-draft and induced-draft fans being 
in operation, or, in addition, 
2) The closing of a time-delay relay which closes 
five minutes after the induced-draft fan has been 
started, or 

3) The closing of a purge-meter interlock which 
closes after an air flow through the furnace greater than 
one-fourth that required for maximum output has 


existed for five minutes 
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rABLE Il 
Interlocks and Starting Sequence Direct-Fired 5S 
Note INTERLOCKS FOR PRESSURE 
FURNACE 
a) Failure of Pulverizer, Primary-Air Fan (or Ex 
hauster) Shall Close Dust-Tight alve i DIRECT-FIRED SYSTEMS 
Burner Lines by Interlock, or 
b) Minimum-Stop Shall Be Provided on Cold Suction Furnace Pressure Furnace 
Forced-Draft Air Supply to Pulverizer to In 
sure Positive Air Flow Through All Burner Separate Drive Separate Drive 
Lines Connected to the Furnace in Event of on Pulverizer on Pulverizer 
Such Failure ind ntegral Drive and 
Note STARTING Primary Air Flow Should Pri. Air Fan (or Ex! on Pri. Air Fan (or Ex 
Be Dampered Down, As Required to Assur: Pulverizer 
Prompt Ignition and Prevent Blowing Out Ig Fan Fan and Fan Fat 
nition Torch Started Started Primary Air Fan Started Starts 
Note 5 STARTING Appli to Burner That Before After r Exhauster Before Aft 
Are to Be Put in Operation If Sucl slues Are 
In Closed Position at Time of Start-up Puls Pulv Pul Pul 
Interlo« - See > te i - 
FAILURE OF STOPS 
If Used 
] Induced Draft Fan Forced Draft Fan \ \ ‘ \ 
4 For Draft Fan Pulverizer \ 4 
Pri. Air Fan I \ ‘ \ \ \ 
Pulv erizer Pri. Air Far w Ex! \ 
Raw Fuel Feeder ‘ \ \ \ ‘ 
! Pri. Air I r | Pulverizer ‘ \ 
Raw Fuel Feeder ‘ ‘ ‘ \ \ 
) Raw Fuel Feed thing \ \ ‘ \ \ \ 
Starting Sequen 
l Start Induced Draft I Partia Op If Uses 
Uptake Damper \ \ \ \ 
2 Start Forced Draft Fan | Partial Upen x 
ondary Air Damper ‘ \ \ v \ 
} | Purge Furnace for 5 Minut Air Flow Equ 
t »§ Max. Rate \ \ v v \ 
4 Adjust Air Flow and Draft ‘ \ \ \ ‘ 
5 Light Igniti Porches ‘ \ ‘ \ 
6 | Start Pr Air Pu Pu & Pulv. & Pri.-Air Pu 
Fat ’ri.-Ais Pri.-Air I 
I I in 
7 i Ope Pri.-Air On Raw P Pr 
Burne Fan Burt Fuel I 
ilve \ F Feeder 
; | 
Ss start Check Raw Check Ope Raw R 
I gnitior Fuel Ignition Burner Fu Fu 
Por Feeder I Vals Fee I 
5 
Q Start Pu Open k Check Upe pr 
surner Fue Igniti Burne Bu 
ilves Feeder Tor Ives 
: ; ; 
10) » R Check Check ( k 
Fuc Ignition Ignition [gi 
Feeder Torch Tors I 
l ljust P Air ¢ tr i ‘ \ \ \ v 
$331 With this arrangement, the pulverizers on Direct being pulverized may be obtained from a gas, steat r 
Fired Systems or the pulverized-fuel feeders on Storag: other type of heater. Hot flue gas may be used instead 
Systems should be arranged so that thev cannot be of air for drying provided it is drawn from a part ot the 
started until the torches are in service furnace which is free from flame or burning particles 
434 All motors driving fans, pulverizers, and feeders provided the hot gas is tempered, if necessary, near the 
shall be equipped with low voltage trips outlet from the unit or furnace For a pressure furnace 
the tempering air shall be taken from the forced draft 
44 Hot-Air Supply aaa 
Syste 
441 The hot air for drying isture fri the fuel 442 When tw t re pulverizers are connected to 
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TABLE Ill interlocking of other components is maintained as 


erlock ind Starting Sequence Storage Systems specified in Article 13 


STORAGI 46 Pulverizer Outlet Temperature 


SYSTEMS 


Senttien A” icine 461 Means shall be provided t«: measure the tempera 

Furnace) Furnace ture of the fuel-air mixture leaving the pulverizer. There 

INTERLOCI is no fixed value of maximum operating temperature 

ie ae oe leaving the pulverizers. Temperatures of 150 to 180 F 

ture =. De - are commonly used and will be best adapted to the ma 

sos-dianadlbchon jority of installations. Where the demands for early 

f Primar P : ignition are very exacting, it is desirable to have the ab 

m solute munimum of moisture in the pulverized fuel, and 
temperatures above 200 F may be used 


te) INTERLOCI URE FURNACE ; 47 Alternate Fuels 
are © gy ees 471 Many types of units, arranged for burning pul 
w The | ee B a verized coal, may also be equipped to burn other fuels, 
: such as oil or gas, for alternate or simultaneous firing 
— with pulverized coal in the same furnace. As covered in 
Open Uptake ‘D previous sections of this code, certain provisions are re 
quired on such units to prevent hazard in the pulverized 
= . coal system 
we ty a & 472 Where other fuels are employed, the design, in 
stallation and operation of storage, transport and firing 


Ad ‘ 
- equipment for these fuels shall conform to established 
= codes for their use 
n Primas 473 Burners for such fuels shall be provided with suit 


ible means for controlling the supply and proportioning 


1 Va 
aoe of fuel and combustion air. Safeguards shall be provided 
= tguties Ter to prevent the accidental discharge and accumulation of 
edhe unburned combustibles within the furnace from these 
AGjust Primary-A sources. When alternate fuels are used the same care 
shall be observed in purging the furnace as prescribed in 
this code for lighting-off procedure or failure of ignition 
same source of hot air, or if the supply of hot air ‘ ‘ 
er pressure can be maintained when % pubverizer is 48 Operating Instructions 
operation, a positive ins shall be installed in the 481 Complete instructions for the operation and 
uir line to each pulver r to prevent the flow of hot maintenance of pulverizing and burning equipment on 
to any pulverizer not peration This mav be each different type of boiler or furnace to which they are 
omplished by double es with vent between. by ipplied should be prepared by the operating department 
ilve with an atmospher ent, or by other effective of the user with the aid of the equipment manufacturers 
means ind revised to be complete after ail adjustments are 
443 A source of col r either from the room or fron made to the equipment The instructions should be 
he air-heater inlet shall ible It shall be used for studied carefully by all operators and one copy kept at 
emptying a pulverizer at be used for cooling burt each operator's station at all times and be available for 
ers before putting th : eratiot r for tempering review by a representative of the authority having juris 
g regular operatio1 diction 
482 Before placing the equipment in regular service, 
45 Flame Detectors iI] installations shall be thoroughly inspected and tested 
451 A flame detector hould sound a warning to check the operation of all equipment including the 
r hort ‘ ur | should be ar torches, interlocks, ete During this time all adjust 
or i] ‘ Its use for automat ments shall be properly made, and fixed within the re 
ff of the fuel st ptional, provided normal quired limits, so as to avoid changes in settings 


Chapter 5 Fire Prevention and Fire Protection 


51 Housekeeping 512 Vacuum cleaning methods are preferred If 

S11 Good housel factor of great impor manual cleaning is used, care should be taken to avoid 

t ife operating pr re Provision should he forming explosive clouds of dust in air. The use of com 

e for ntaining ent in dust-tight conditior pressed air for blowing dust from walls or other surfaces 

r periodic clean rizontal ledges or surface may create dangerous dust clouds, and such cleaning 

wilding and equipr t t revent the accumulatiot should be done only when other methods cannot be used, 
reciable dust dey t ind after all sources of ignition are eliminated 
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52 Cleaning Plugged Equipment 


521 Extreme caution 
such as cleaning out plugged burners, burner piping, 
pulverized-coal bins, feeders or other parts of the system 
Pulverized fuel that may flood out or spill from such 
places can be ignited by a random spark or hot surfaces 
on which it falls, or may already be smouldering, and can 
produce intensely hot fire or explosion without warning 
Since pulverized coal drifts freely in air, ignition may take 
place at considerable distance from the point of initial 
disturbance. Severe injury and property damage can 
result from careless handling of unconfined pulverized 


should be used in operations 


‘ oal 
53 Welding and Cutting 
531 


hazard of welding or flame cutting on pulverized-coal 
equipment and lines which may be partly filled with 
pulverized fuel. Definite rules written to 
cover all situations, but some suggestions are as follows 
5311 All deposits of pulverized fuel should be removed 
from exterior and interior surfaces by manual methods 
which will avoid dispersal and the possible formation of 


Too much emphasis cannot be placed on the 


cannot be 


an explosive mixture 

5312 Exterior and interior surfaces adjacent to the area 
of welding or cutting operations should be thoroughly 
drenched with water from a fog nozzle until all such sur 
faces are wet 

5313 Dampened asbestos blankets should be hung or 
spread in such a manner as to confine weld spatter or 
cutting sparks 

5314 All welding and flame cutting operations should 
be carried out under the observation of an individual who 
has adequate fire-fighting apparatus at his disposal, and 
training inits use. He should be assigned no other duties 
during the welding or cutting operation which he is to 
observe 


54 Extinguishing Fires in Pulverizers or Piping 


541 A fire in the pulverizer is usually indicated by an 
abnormal increase in temperature leaving the pulverizer 
It may be caused by feeding burning fuel from the raw 
fuel bin or by an accumulation of fuel in the pulverizer or 
piping in some position where it is not disturbed. In 
case of fire the manufacturer's recommendations for 
extinguishing the fire should be followed. A pulverizer 


fire may generally be extinguished by continuing opera- 
tion using cold air to the pulverizer and increasing the 
raw-fuel feed as much as possible, as the atmosphere in 
side the pulverizer and burner piping is too rich in fuel to 
support active combustion. If the temperature 


tinues to rise after fifteen minutes of increased raw-fuel 


con 


feed using cold air only, the pulverizer should be shut 
down by closing the valves if installed in the pulverizer 
discharge lines, and by stopping the raw-fuel feed, air 
supply, and pulverizer, as quickly as possible in the order 
named, being sure that all openings are closed tightly. 
Steam, inert gas, carbon dioxide or water should then be 
introduced into the pulverizer through pipe connections 
provided for this purpose. Such connections shall be at 
least l-in. pipe. When 
shall be so located and the water flow so regulated that 
no disturbance of the fuel in the pulverizer is created 
After the pulverizer has cooled down, the doors may be 
safely opened and the interior thoroughly cleaned. In 
no case shall a compressed air jet be used, as there may 


water is used, the connection 


still be some burning fuel 

542 Ina storage system with recirculated air, steam 
or carbon dioxide should be circulated with the fan as 
quickly as possible and fresh air excluded from the sys 
tem. This is best done by opening the vent to the at 
mosphere, thus extinguishing the fire in the pulverizer 
and venting any explosive gas to the atmosphere. 

543 In case a fire occurs in a pulverized-fuel bin, the 
bin should be sealed against air infiltration and the pul- 
verized fuel fed out and burned if possible. Steam and/ 
or carbon dioxide should be admitted to the pulverized 
fuel bin through connections provided in each pulverized 
fuel bin. Such connections shall be at least 1-in. pipe 


55 Powder-Operated Tools 


551 Gun-type tools using powder or cartridges for 
driving pegs or pins into concrete, brick, steel, etc., shall 
not be used where flammable dust or dust clouds are 
present. When the use of this type of equipment be- 
comes necessary all dust producing machinery in the area 
shall be shut down, all equipment, floors and walls shall 
be carefully cleaned, and all dust accumulations removed. 
A careful check shall be made to be sure that no cartridges 
or charges are left on the premises where they could enter 
equipment or be accidentally discharged after operation 
of the dust producing or handling machinery is resumed. 


Gas Infra-Red Heat Cuts Cost of Coal Moisture Removal 


Using a gas-fired infra-red source of heat energy to 
remove water from filter-cake in coal preparation cuts in 
half the cost of removing water by conventional thermal 
drying The conclusion was made by government scien 
tists T. M. Nasiatka and E. R. Palowitch in a report 
based on their investigations issued by the Bureau of 
Mines, U. 5S. Department of the Interior. The report, 
available from Government Printing Office, is ‘‘ Bureau of 
Mines Report of Investigations 5473 

Other conclusions reached by the investigators working 
at the laboratory of the Federal Bureau of Mines were 


@ minimum cost of water removal with infra-red heat 
was $0.83 per ton with final cake moisture of 7.2 per 
cent 

@ Marked reduction in filter-cake moisture was obtained 
by applying radiant heat 
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@® maximum benefit was obtained from the heat when 
applied during beginning of the drying phase 

@ regardless of clay content of feed, an appreciable 
amount of water was removed by applying heat 

though cake mozsture with in 
creased clay content 

@ commercial installation could achieve more 


use of sensible heat in exhaust gas 


even increases 


etheent 


Importance of Findings 


Study is significant because new conditions and re- 
quirements have forced coal operators to install or expand 
fine-coal-preparation facilities. Mechanization in mines 
and mining of poorer quality coals results in increased 
production of higher ash fine coals 
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Fig. 1—Capacity loss of two sulfonated coal zeolite softeners as color 
content of water under treatment increases 


Interference of Organic 


By Hilary E. Bacon and W. J. Lewis 


Sheppard T. Powell and Associates 


The great acceptance of demineralizers for water 
purity controls in all manner of plants has led to con- 
This 


paper is published as o general report on one phase 


tinving studies of demineralizer performance. 


of exchanger performance. 


Contaminants with lon 


Exchange Processes—Occurrence, 
Prevention and Cost 


NTERFERENCE, by org 


ion exchange processes includes the physical effect of 


inic matter in water, with 
inert or biologically active coatings, and the chemical 
Chemical 


fouling of anion resins 1s 


reactions of exchangeable organic compounds 


interference notably organs 


predominant in the literature 


Inert Coatings Relating to Organic Contamination 


Physical bloc king of ion exchange reactions is as old 
as the art of zeolite softening Fig. | shows the loss of 
capacity of two sulfonated coal zeolite softeners in a New 
England paper mill, as the color of the influent water 


When the temper 
flocculation of color colloids 
retarded the color 

After-coagulation in the zeolite 


increases iture approaches lreezing 
the soft 


filter effluent 


clear water is 


ind the increases 


beds forms coatings 


identified as color flo lo prevent complete failure 
periodic cleansing with 5 per cent caustic is required 
giving short-lived relief Such problems are fairly 
common with water high olor of vegetable origin 
ind alum floc reaching zeolite softeners by any mecha 


nisms 1s an old offender 


Biological Fouling 


Organic contaminants in water mav furnish an en 

* Delivered to the Americar ety, Di ion of Water wage 
and Sanitation, Atlantix t tember 4 5G 
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to algae and slime-forming organ 
The literature on 


vironment favorable 
isms which foul ion-exchanger media 
algae and bacterial growths in zeolite beds includes 
accounts of similar fouling of cation and anion exchang¢ 
resins in demineralizer service. One mechanism dis 
covered in a plant served by the Philadelphia Schuylkill 
water supply is the clumping of cation-exchanger resin 
inaccessible to 


beads (11 The dense aggregates are 


ion-exchange by influent water and regenerants. During 
back-washing they sink to the bottom 
the effluent by slow leaching 

Algae micillium in cation and anion resins from another 
plant are shown in Figs. 2 and 3. There are still other 
growths developing. One photo was taken showing a 
water flea still alive after periodic exposure to 4 per cent 
The rapid failure of this demineralizer plant 
influent water is 


O44AL5 


and contaminate 


caust« 
when chlorine was removed from the 
shown in Fig. 4 \ chlorine 
controlled the biological fouling, but caused de-crosslink 
the 
eighteen months 


residual of ppm 


ing of resin requiring complete replacement alter 
Solutions which have been suggested 
include the filters and 
voirs preceding the demineralizer 


biological control of reset 


or periodic steriliza 


tion by an agent with lower oxidizing potential, such as 


chloromelamine or formaldehyde 


Vumber mn parentheses refer to similar numbers appearing in the Bibli 


graphy at the close of the article 
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Fig. 2——-An example of the algae growths in demineralizers is this chioro- 
phaecia algae mycillium found in a styrene base high-capacity resin 


The Nature of Organic Fouling of Anion Resins 


with demineralization may 
be true exchange, by hydroxyl form 
of ions derived from organic contaminants which include 


This chemical interference 
inion resins iu the 


natural vegetable color colloids and complex industrial 
wastes 
rable | 
anions, K representing the equilibrium ratio of anions in 
with chloride expressed 


lists selectivity of Dowex resins for various 


resin versus anions in solution 


as 1.0, as developed by Wheaton and Bauman (1 


Although ion diameter is the true criterion of selectivity, 
the majority of high molecular weight compounds do have 


large 1onic diameters. Fouling matter extracted from 


non-porous resins usually exceeds 25!) in average molecu 


lar weight (2 
stability 


Porous resins, of lower capacity and 
were developed to permit migration of tons of 
molecular 1000. In a number of 
the fouled at materially the 


same rate as non-porous resins and have responded less 


weight as high as 


cases porous resins have 


satisfactorily to restorative treatment (3 
rhe nature of organic fouling is best described by its 
symptoms 


|. Unaccountably low effluent pH due to organic 


acids rejected by the resin 


2 Unaccountably high conductivity for the same 
reason 
3 Rinse volume and time requirements, 200 per cent 


to 00) per cent of normal 
t. Effluent quality deterioration at flow rates in the 


upper rates of those which are normally satis 
factory (rate-sensitivity 
Effluent silica tests, being laborious and delicate 
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Fig. 3—A second form of growth—a fungus-type mycillium—is photo- 
graphed in a strong base Type | resin from a demineralizer anion exchanger 


are more often deferred until pH or conductivity ind 


cates their necessity; when these signals prove unre 
liable, silica breakthrough may increase in frequency 
In some cases, shorter cycles must be accepted to prevent 
breakthrough justified by any other 
eriterion 

Anion resins operating in the chloride cycle for de 
alkalization pick up organic contaminants, but 
more usually these are reversibly eluted out during re- 


permanent 


even though not 


may 
generation so that little or no damage 1s 
encountered 

Fouling rates differ for Type II versus Type I resins 











for porous versus non-porous versions of each, and for 
intermediate base (epoxy) versus weak base (poly 
stvrem 3-9 
TABLE | 
SELECTIVITY FOR MONOVALENT ANIONS 
Anion Dowex | Dowex 2 

Dichlorophenate_____— - - 53 

Salicylote __._ 32.2 28 

Phenate 9. 8.7 

Nitrate 3.8 aus 

Cyanide 1.6 1.3 

Chloride 1.00 1.00 

Bicarbonate ss «0.32 0.53 

Formate 0.22 0.22 

Acetate 017 018 

Amino Acetate ____. 0.10 0.10 

Hydroxide 0.09 0.65 
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Although earlier 2) felt that 
fouling will not decrease capacity of mixed bed units run 
late 
bear out this contention 
Plant studies carried out in 1955 demonstrated that 
a separate cation-amon, or 


investigators organic 


to a silica endpoint, observations (supported by 
investigators (3, 10)) do not 


fouling is less aggravated in 
two bed system, than in a mixed bed system 

When a water supply is suspected of a tendency to 
foul anion resins that cannot assuredly be corrected by 
improved 
calls for two-bed demineralization preceding mixed-bed 


primary treatment conservative practice 


treatment 


Incidence of Fouled Demineralizers 


Fig. 5 is a map of the eastern half of the United States 
indicated each instance of fouling known 
plant operating 

that there 
in this area which can be 


on which is 


from published literature or data 


available to us. It is apparent exist few 
natural surface water supplies 


viewed without suspicion 
Magnitude of Capacity Loss When Fouling Occurs 


Table II enumerates the degree of fouling of some of 
the installations geographically pinpointed in Fig.5 Pro 
posed demineralizer installations should be evaluated on 
the assumption that 25 per cent to 33 per cent annual 
loss of anion resin must be anticipated and a budgetary 


allowance should be set up to purchase new resin as 


needed, in the same manner that other treatment chem- 
cals such as lime and alum are regularly purchased 
\lthough manufacturers may be dissatisfied with such 
a pessimistic outlook, the table demonstrates that thes« 
figures for replacement are often minimal. It must be 


plants a reduction of 20 to 50 


ipacity means a loss of 10) per 


recognized that in most 
per cent of the anion 
of the resin because the 


cent Irequency ol regeneration 


becomes too burdensome, and the chemical cost too far 


out of line (10 
Detection of Fouling Tendencies 


lable III lists the common methods of detection of the 














fouling tendencies of a water supply. No one test or 
f — ae —E ee | 
TABLE I 
MAGNITUDE OF CAPACITY LOSS WHEN FOULING OCCURS 
| JTILITY | 
i - | 
| Plant A - 40% Loss in 6 months } 
B - 50% Loss in I2 months | 
C - 29% Loss in |8 months 
D - 45% Loss in 5 months 
E - 60% Loss in 2 months 
F Extent not published 
G ~ Extent not published 
H ~- Extent not published | 
) 90 % Loss in I2 months 
J Intolerable Rinse 
INDUSTRIAL 
Plant K 43% Loss in (2 months 
L 27% Loss in 10 months 
M - 20% Loss in 30 cycles 
N intolerable Rinse 
0 1O% Loss per 125 cycles 
P 1O% Loss per 125 cycles 
Q 33% Loss per 100 cycies 
R - 60% Loss in 16 months 
| 
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Fig. 4—The attempts to contro! biological growth in the above installation 

employed a chiorine residual of 0.3 to 0.5 ppm. This damaged the resin 

somewhat but note how the resin rapidly lost its effectiveness when the 
chlorine was removed 


combination of them is sufficiently reliable for accurate 
economic estimates, particularly for surface supplies of 
rhe misleading contradictions of the 
methods is illustrated 
and filtered 
chlorine 
phenol had 


wide variability 
chemical 
in Fig. 6 for a 
after both superchlorination 
treatment were applied. In this imstance 
been supposed to be the chief offender and hence chlorine 
dioxide introduced. As may be 
phenol was largely brought under control, but rather 
substantial dichromate oxygen demand persisted. Fig. 5 
illustrated the performance improvement realized by the 
Phenols accumulated in 


two oxygen demand 


well-coagulated water 


and dioxide 


was seen in Fig. 7, 


more active sterilizing agent 
the resin prior to application of chlorine dioxide amounted 
to 260 mg per 50 ml of weak base resin and 290 ing per 
+) ml of strong base resin. Capacity loss of 25 per cent 
on the weak resin 


cleaning, and an additional 31 per 


base was unrecoverable by solvent 


cent loss was re 


coverable only by an expensive and hazardous solvent 


cleaning. By contrast, an irrecoverable 17 per cent loss 
of total basicity of the strong-base resin is not reflected in 
column tests or plant performance 

It is obvious that 
thousands of distinct chemical compounds of 
wholly identified or 
particularly when trace quantities occur 


comprising hundreds of 
widely 


organics 


varying characteristics cannot be 
characterized 

Fig. 7 also exemplifies the fact that pilot plant studies, 
their must be undertaken in 


to realize objectives 





TABLE II 
EXAMINATION OF WATER TO DETECT FOULING TENDENCIES 


A. WATER STUDIES 
|. Color, taste.and odor ( physcal) 
2 Chlorine demand; free and combined rewduals 
3 Oxygen demand by Dichromote and Permangaonate 
4 Phenol equivalents 
8B. PILOT PLANT STUDIES 
|. Effiuent pH and Conductivity, ond Rinse characteristics 
2 Actwoted Carbon Adsorbers 
a. Effect on effivent and rinse 
b Subsequent extraction and identification of contamnants 
3. Extraction of pilot plant amon resins 
@ Color by morgorme salts acids, bases and sterilizers 
b Percent extractable by volotile orgame solids 
c Oxygen demond of extracted matter 
d Change in Salt-spirtting Anion Capacity or Bosmity 
e Changes in density. cross-linkage, hydration of the resins 
C PRIMARY TREATMENT PLANT DESIGN STUDIES 





Efiect of modification of Primary Treatment on these foctors, 
and cost versus replocement versus cleaning 
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Methods of Minimizing Economic Loss 


The material in Table IV illustrates methods applicable 
for minimizing loss due to organic fouling. It is known 
that each of the measures listed, applied singly, has 
failed to alleviate the problem sufficiently in one or 
another plant. It is apparent that the F.O.B. price of a 
demineralizer may be only a small fraction of the installed 
cost of water treatment if optimum protection were to be 
included. Much has been written in the literature 
relative to various clean-up treatments. While their 
value should not be overlooked, each treatment must be 
a trial and error experiment, with little hope of complete 
efficacy Each treatment singly has failed more often 
than it has succeeded. Hence, it is obligatory for the 
designer to evaluate each proposition in the light of 
possible rapid resin replacement 


Magnitude of the Cost of Organic Fouling 


One of the authors reported (14) that the number of 
demineralizers in operation increased between 1937 and 
1955 by 2042. A recent survey indicates sales between 
1955 and January 1, 1959, of 1064 additional units of 
|) gpm or greater capacity It is almost certain that the 
magnitude of fouling problems has increased at the rate of 
100) per cent per year or more. One source has estimated 
that of the anion resin sales per year, 25 per cent may be 
attributable to organic fouling. This figure, however 
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area free of fouling tendencies | 
20}———_}_——$_}- pm 
| | | 
sufficient detail to develop information completely 15} ———F 7 eT ie Sy ST “ee Se 
tyrene Resin with 
regardless of wide fluctuations in water ¢ om position ; pri- Pol $ y 4 . 
mary treatment section is of great importance lol - Chlorine Dioxide Pretreatment 
z St - —+ - “+ ce —. 
C.0.D VALUES ON FILTERED WATER F'97 red 
PTI ae « dnt sneotmncantd a 
22 , ; ‘ ; > ——— = —— = 
Dichromate 4 v—— 
20} ae arane I i , 
Fr 15, _| Epoxy | Resin with 
18! c Chlorine Dioxide |Pretreatment 
sl Gio —_—_+— J 
z 5 | 
> 3 14} a 5} -- 4 --—+ _—_—+ a 4 
™ | | | 
& 12} + z 
£ , > 0 T 
10} | 
: Pa ca 
i° : 
i = ! a « 186s". oe —_———_—_+ 
2 i a 2 Polystytene Resi | 
Oo 3+ —— ©  i¢\_ Poisoned Prior_tp Introdugtion 
3 . 4 of Chlorine Dioxide Pretreatment 
Z 7 ae 
° | < | | 
| | oO i i 
0'22-23-24-25-26-27-28-29-30° 1-2 3s 50 100 50 200 
November ~ 1957 ~ December Thousands of Gallons of Water Treated 











Per Cubic Foot of Resin 
Fig. 6—Table ili shows the common detection methods for fouling ten- 
dencies in a water. The above figure shows how the two chemical Fig. 7—A representative sample of a plant attempt to contro! unwanted 
oxygen d d test theds can contradict each other phenols in raw water. Chlorine dioxide was used for contro! 
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plant has increased costs for 


offers no clue to the cost of measures designed to limit 
As an example, on 
ination by $400 per month to 


the range of $10,000 | 


losses 
chlorination 
kee Pp replacement resin costs 


and dechlor 
CT 


i! 


Another has been forced to a 


vear, rather than $25,00) 
capital expenditure twice that originally intended to 
preclude any outages 

The resin manufacturer nd most equipment ven 0 
dors, deserve commendation for the money and time 400 


devoted to this proble1 Demineralization, particularly 


as a power plant tool, will reach its greatest effectiveness 


only after better solutions are found than are now avail- 


able for combatting organic contaminants J ! 
300 | {—] 
e¢ 
r 
. 2. 
aiieeihipapnvendncememmanen a Raw Woter —-, | 
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The most significant advance in gate valve design in 25 years... 


Instead of being made with a solid disc, new, patented 
Crane Flex Gates have separate disc faces, connected by 
the axle-like unit shown in the cross section. This joins 
the two seating faces, yet provides flexibility for the 
faces to seat tightly with independent action. 


BECAUSE THEY'RE FLEXIBLE, new Crane Flex Gates seat 
with less torque. 

BECAUSE THEY'RE FLEXIBLE, new Crane Flex Gates un- 
seat with less torque... will not stick closed even when 
closed while hot and allowed to cool 

BECAUSE THEY'RE FLEXIBLE, minor deflection of seating 
faces due to pipe strains does not affect tightness of 
Crane Flex Gates. 

BECAUSE THEY'RE FLEXIBLE, new Crane Flex Gates are 
tight on inlet seat and outlet seat over a wide range of 
pressures. 

BECAUSE THEY'RE FLEXIBLE, new Crane Flex Gates can 
be used singly in some services where two conventional 
gate valves are frequently specified. You can save sub- 
stantially on piping costs. 

BECAUSE THEY'RE FLEXIBLE, new Crane Flex Gates can 
be serviced—body seat rings replaced or seating faces 


refinished —quickly, and without painstaking accuracy. 
Slightly off-taper seats do not affect tightness or oper- 
ating ease. 


BECAUSE THEY'RE FLEXIBLE, new Crane Flex Gates will 
easily outperform any conventional solid wedge disc 
And there's 


valve you now use. no increase in price. 


BECAUSE THEY’RE MADE BY CRANE, these new Flex 
Gates are completely dependable. You can use them with 
complete confidence on steam, water, gas, oil or oil vapor 
service. Stem and disc seating faces are Crane Exelloy. 
Shoulder-type body seat rings are Exelloy or Crane No. 
49 Nickel Alloy. 12 inch and smaller; 150- and 
300-pound pressure classes. 


Sizes: 


Ask your Crane Distributor for full information on Flex 
Gates—and for data whenever you work with the prod- 
ucts Crane makes. He has the newest in information and 
products. Crane Co., Industrial Products Group, 4100 
South Kedzie Avenue, Chicago 32, Illinois. 


® 
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At EE! Convention in Atlantic City, retiring President A. $. King (left) congratulates Pres- 
ident-Elect Sherman R. Knapp of Connecticut Light and Power Co. as Duquesne Light's 
Philip Fleger, (right) looks on. 


Utility Management Speaks Out 


The 28th Annual! Convention of the Edison Electric In- 
stitute at Atlantic City, N. J., in June provided a forum 
for management of the nation's investor-owned elec- 
tric utility companies. The fine harvest of papers 


furnished the following food for thought: 


Charles E. Oakes On ability Predicting the electric plant account of the utilities 


3 will reach $168 billion in 1980 (sixteen times the book value in 1940 


Chairman of the Board 


Pennsylvania Power & Light ¢ the investor-owned utilities are prepared to meet fully their re 


sponsibilities to the people of our country hey are prepared to 
raise their own capital in the free money market without recourse to 
the public treasury.’ “there is no real need” for future government 
installed capacity because ‘‘the investor-owned utilities stand ready 
und able to meet in full the future power needs of the country 


Donald Russell On free enterprise Especially must we concern ourselves less with 
Former President the confession of sin and far more with the professions of faith and 


University of South Caroli confidence in the paramount virtue of our system We need to 


apologize less and proclaim more 


Howard S. Kaltenborn On employee relation Almost everything we do in the area of 
employee relations rests on the assumption that our people are good 


Vice President and 
Assistant to President sensible human beings who will make the right decisions, given full 
Westinghouse Electric Cor; information and the ability to do so More than an assumption this 

is “indeed an article of faith whose validity has been proven over and 


over again in our industrial history 
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George R. Conover 
Vice President 
Philadelphia Electric Company 


Allen S. King 

Outgoing President 

Edison Electric Institute 
President 

Northern States Power Co 


Walter T. Lucking 
President 
Arizona Public Service Company 


J. Theodore Wolfe 
President 
taltimore Gas and Electric Co 


Thomas G. Ayers 
Vice-President 


Commonwealth Edison Company 


James F. Fairman 
Senior Vice President 
Consolidated Edison Company 


Philip A. Fleger 
Chairman of the Board and 
President Duquesne Light 


\ ompany 


R. G. MacDonald 
Vice President, Marketing 
West Penn Power Company 


Sherman R. Knapp 
President 
Connecticut Light & Power Co 


On public relation loday’s chief executive must lead his organi 
zation and by personal example create a favorable corporate image 

By his example he not only inspires others to do likewise, but he 
definitely identifies the company as a good neighbor and a good citi 


zen 


On neighborhood service as a foundation for world leadership rhe 
future of the American electric industry and the future of all the ‘Main 
Streets’ and rural routes of this country are inextricably united 
Our free way of life will continue as long as we are able to maintain 
our free economic system, limit the role of government and maintain 
the electric utility industry as part of American free enterprise 


On rural electrification “Tf the best overall public interest is to be 
served we must invite and urge the co-ops to benefit from and con 
tribute to the planning of the nation’s electric industry lo achieve 
this goal requires the assumption of responsibility and leadership by 
the management of private companies and co-ops alike 


On management thinking that some accidents are inevitable once 
the proposition is accepted that ‘accidents are inevitable, the 
war against them is already lost’’ and industrial accidents ‘‘will never 
be eliminated, nor further reduced in frequency to any substantial de 
gree, unless and until management first decides they shall be elimi 
nated 


On electric heat it has ‘‘a vista of 50 million present dwellings and 
upwards of 1'/, million more each year. Electric heating equipment 
manufacturers grossed only about $100 million last year, but in less 
than a decade it is envisioned as a billion dollar-a-year industry 


On “‘hard-head igineering rhe hard-head engineer stands at the 
crossroads where science and economics meet” and his ‘‘achievement 
will result from slogging, day to day work’ and not from glamorous 


breakthroughs 


On research I know it sounds fantastic, vet what will be the most 

amazing developments in electric living probably are not among the 

things I have mentioned energy conversion, electro-luminescence 

kitchen computers, electronic refrigerators and highways Phey 

will be the things we cannot even imagine today, things which only 
f 


tomorrow's researchers will dream of, develop b into 


reality 


Mm Sé ig Det wing ele wally We must state the case for 
electricity as a vice to the public so the public can make a wis« 
choice We will succeed as any other American business does, only 


by having the courage and imagination to compete 


On taxation We have no quarrel with the idea that the electric 
bill is a reasonable and convenient device for collecting taxes to sup 
port local, state and federal government. We justifiably contend 
however, that everyone who pays an electric bill should make a 


proportionate contribution to the support of government 
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Air pollution is one of today's most challenging prob- 
lems in steam generating plants using pulverized 
coal-fired boilers. The problem grows more acute 


as boiler combustion efficiencies advance. Elec- 


trostatic precipitation of fly ash, however, is con- 


tinually being improved to meet this challenge. 


New Advances in Fly-Ash Control 


r the 


imsisting o1 ich 


HROUGHOT ur pollution control authori 


ties are discharges being cleaner 


year, control and enforcement 
r stiffened 


dralting 


ind cleaner I 


regulations are introduc and even smaller 


outlying communiti pollution control 


measures 
Phe pulverized coal 


long been held a majo 


team generating plant has 
inti-air pollution drives 
As combustion efficiencies have been improved by the 
boiler designer, the 
Fly ash these 
tains smaller, harder t 


has become more complex 


from high-efficiency boilers con 
particles 
Yet, im the past ears, great 


llecti 


taken 
oval of up to 99 per cent 


strides have 
place in fly-ash c 
boiler effluent has 


these 


plus ol the particul irom 


accomplished ‘ n the face of 
difficult collection 

One of the contributing factors, in the 
} 


been more 


iuthor’s 


opinion has een more extensive use ol 


electrostatic precipitators of the Cottrell design. These 


consist essentially oltage electrodes through 


which the ash-laden passes 


The particulate 
receives neg e charge from the 


Influen 


parti les 


matter discharge 
fe ld 50 to 


ipitated on grounded col 


electrode electrostati 


60 ky the 


lecting plates trike these collecting plates 


at pre-set inter lislodge agglomerated ash 


1 1 


which falls into hoppers at the bottom of the precipitator 


Resistivity of Ash 


Resistivity particles is one of the major 
elec 
the 
including 
sq cm in cross section Re 


ind field 


which determi the ease 


collection 


factors or difficulty of 


trostatx resistivity is defined as 


electrical resistance lume of material 
pore space) | cn 
sistivity 1s normally d rmined by laboratory 
test equipment 


’ hief Engineer 
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By Herman B. Alford’ 


Western Precipitation Div., Joy Manufacturing Co. 


Particles of very low resistivity, usually found in high 
carbon content ash as a result of incomplete combustion 
immediately lose their negative charge to the collecting 
With no electrical force to hold 


velocity of the gas stream may dislodge the 


electrode the ash in 
place the 
party les and 
stack 
Moderate 


erately resistive particles will lose only part of 


carry them along to discharge from the 
the most desirable, for mod 
their 
rhe remaining charge 


resistivity 1s 


charge to the collecting electrode 
causes the ash to cling tightly to the collecting clectrode 
until ‘rapped’ free to fall into the hopper 

High resistivity 
found im 


boilers 


however, 1s the condition presently 


ash from more modern pulverized coal-fired 
Phe triple combination of more finely ground 
lower volatile matter coal, better combustion efficiencies 
and larger boilers with a smaller proportion of estalyti 
surface for conversion of SO, to SO, in the boiler has 
produced ash particles with low carbon content and 
extremely high resistivity 


This 


charge to the collecting plate 


high resistivity ash will not lose its negative 
The first ash attracted 
the plate tends to repel subsequent particles. Erratic 
the electrodes may occur due to 
breakdown of the layer. This 
breakdown sets up a secondary brush discharge (corona 
at and within the There is an 
consumption and loss of efficiency from this 


charge 


sparking between 


localized electrical ash 
abnormal power 


back dis 


ash 


High resistivity fly ash has been found more and more 
frequently as new, high-efficiency, large capacity boilers 
For 
mechanical collectors, or a combination of both mechani 
cal and collectors were used efficiently 
carbon content was in the 
moderate range, gas volume smaller, and boiler design 
called for contact of the gas with large areas of interior 
surfaces which provided a medium to convert SO, to 


are installed many years, either electrostatic or 
electrostatic 


Ash particles were large 
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Fig. 1A pipe te serve as the col- 
lecting plete surrounding «@ wire 
serving as the discharge electrode 
represents the ideal collector design 





Fig. 2——Lerge gas volumes in mod- 
ern boilers forced a compromise and 
flat plates were chosen 


SO;. (SO;, when present in the gas stream in adequate 
quantities, effectively 
SO, does not 


In large capacity boilers, ash emanating from the fur 


lowers the resistivity of fly ash: 


nace contains 40 to 50 per cent of minus 10 micron ma 
leaving relatively small fractions of particles 20) 
Particles of over 20) microns 
collectors 
As ash particles decreased in size and better collection 
added 


most 


terial 
tmicrons or greater in size 


are easily removed by mechanical cyclonic 


was demanded, electrostatic were 
after the 


new fly-ash installations have only 


precipitators 
mechanical collectors At the present 
precipitators, since a 
major part of the dust is in the submicron to 10 micron 


range 
New Designs 

The 
these problems and has attempted to find answers within 
the given parameters. Much time and effort 
devoted to dust and gas distribution techniques to im 
the The three 
dimensional model has gained acceptance as one tool 
flow dust 
not gas 
continuing to 


precipitation engineer has been presented with 
has been 


prove distribution to precipitator 


or method to help predict gas However 
flow patterns, in identical to 
flow 
develop a satisfactory method to evolve flue designs that 


many cases ire 


patterns Therefore, research is 


will provide both properly distributed dust and gas 
But four major design improvements within the pre 
cipitator itself have been responsible for the high per 
centage of removal accomplished, even in the face of the 
difficult parameters imposed by advanced boiler design 

Improved collecting plate design has been one of the 
greatest advances made in the past five years. Since, in 
the ash-laden gas flows through rows of 
the 


a design that presents 


a precipitator 


discharge electrodes (wires) and collecting plates 
designers’ problem is to achieve 
the 


the lowest loss or erosion of precipitated partic les 


optimum electrical characteristics combined with 


A number of approaches to optimum plate design have 
With the 


up to 3,000,000 Ib of steam per hour, however, research 


been attempted advent of boilers producing 
and development of new plate designs were speeded up 
plate 
Under 
stable 
But 
today’s pre 


t number of 
tested 

ol course Imost any electrically 
to collect fly 
parameters under 


Before evolution of the finned plates 
configurations were laboratory and field 
ideal conditions 
plate configuration will serve ash 


with the adverse which 
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cipitators must operate, the basic function of collecting 
plate design has been re-evaluated 
Collecting plates must be designed to provide the 


following characteristics 


Maximum electrical stability 
Minimum dust erosion 
Maximum thermal stability 
Best gas distribution qualities 


The best theoretical design (see Fig. 1) would be 


pipe (collecting plate) surrounding a wire (discharge 


electrode However, with extremely large gas volumes 
the pipe type precipitator is dimensionally unfeasible 
The most desirable configuration 
pipe 
latter 
design was used in many early models of Cottrell pre 


and uneconomical 


therefore, is a compromise between the wire in a 


and a wire between flat plates (Fig. 2 The 


cipitators, but erosion of precipitated material and gas 


distribution throughout large precipitators posed prob 
The large gas (up to 1,500,000 cfm 
or more from modern boilers require larger precipitation 
chambers to flow in an 
will in most cases, diffuse unevenly through the 


lems volume of 


Gas, with its tendency even 
stream 
chamber without the distribution features designed into 
the collecting plates 

streain will to erode pre 


the gas 


In addition tend 
cipitated ash from the collecting plates at relatively low 
velocities unless the plates are designed to protect a largs 
portion of the surface. A_ higher 
throughout may be attained with proper collecting plate 


collecting velocity 
configuration 

rhe most desirable configuration for a collector plate 
finned’’ plate offers 
a series of restrictions to the gas flow, to better distribute 
the ash-laden gas over the entire surface of the plat 
rhe fin design also presents the most desirable electrical 


therefore, is shown in Fig. 3 This 


characteristics by presenting the maximum number of 
the electrode Phe 
fins provide additional electrical 


equidistant discharge 
rolled 

stability and structural rigidity for the long, suspended 
collecting plate these 
baffles along the plate permit passage of greater volume 
of gas at higher velocities without erosion of the already 


points to 


edges of the 


Correctly formed and spaced 


precipitated material 
rhis type of finned plate increases precipitator efi 
ciency by its stable electrical characteristics and distri 
i greater plate surface area than would 
flat plate his helps keep pre 


cipitator dimensions to a minimum 


bution of gas over 
be possible with 
ind enables higher 
tilable collecting Suri ace 


collection per square foot of av 





Fig. 3~Recert designs employ finned plates rather than flat cnes to get 
better gas distribution and electrical characteristics 
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size has become a dis 
design To collect the 
boiler effluent, the 
itment in an electrical field 
the 


ount of collecting surface area 


With larger boilers, pre 
tinct 
higher resistivity ash 


ipitator 
consideration in plant 
present day 
gas must receive longer tre 
Che 


present the 


finned plate design enables precipitator to 
maximum 
in a shell of a given siz 
Finned plate s ol light vyage muld steel provide adequate 
thermal stability to prevent warping and resulting ele« 
encountered 
Heat transfer 


walls and hoppers 


trode misalignment in gas temperatures 


1 


ilter air pre-heaters o1 fired boilers 
through the 
must be held to 


from dropping below, the 


precipitator chamber 


L minimum to prevent gas temperatures 
dewpoint his 1s necessary 
flow of the 


shell 


i 
and isn 


to insure Iree 
ind to 


tator 


llected ash from the hoppers 
hopper corrosion Precipi 


equipment 


Trini Z¢ 


engineers disposal manu 


continuing development of designs to cope 


ver-lowering effluent tempera 


facturers are 
with the 


+ 


trend toward ¢ 


“Rapper” Controls 


the 
plates, the problem of transferring it to the hoppers 
With extremely hi 
sary to keep the collectin 


(Ones fly ash has been precipitated on the collect 


ing 
iTiSes yh ash resistivity, it 1s neces 
g plates as clean as possible 
utile the 


requent rapping may Caust 


his requires more ver rapper control. In 


power plant, intense and 
puffs 


te rial 


which will re-entrain sizable amount of ma 


rhe ideal rapping will dislodge the dust as ag 


glomerates which maintain internal cohesion when 


lling directly to the hopper 
With larger particles a1 
quirements 


relatively low collection re 


such as existed six to ten years ago in many 
ugh to simply knock the ag 
glomerated material off the plates. With stack emissions 
scrutiny today, re-entrainment and_re 


the finer dust 1s not 


installations, it was en 


under constant 
ultant 
permussible 


stack enu mn ol 


increased 


Numerous unsatistac rapping techniques (by 


present day standards e been employed in the past 


Continuous rapping al i! 


| termuttment rapping at a pre 


et constant intensity have been used with some degree 


but have not mpletely eliminated the prob 


SUCCESS 


lem of stack puff 

very efficient tech 

ash that 
Field 


accumulations of 


Precipitator designers | e found a 


iqgue of dislodging precipitated fly requires a 


series Of raps oO Varvu intensity costs have 


ash 
Relatively 


rapping 


wn that may 


be removed with a ray moderate intensity 


in layers of fly ash normally require greater 


ntensities 


Most of systems used for electro 


swccumulating energy in a 
then 


ipacitor discharged 


metic solenoid-type rapper 
1anical or electrical. Some 


the magnitude 


volt ges 1” 


uit the 


several thousand vo peri 


use ol Capacitors 
for the 
arious 


large enough to accu sufhicient energy 


rapper coils Chis higt ltage is distributed to \ 


ireas of the precipitat | requires considerably more 


ilety me 


sures 11 


\ newly developed ntrol is in the low voltage 


with rectified 
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$4) y rhe principle of operation is one of 


graduated impacts to loosen the agglomerated dust. A 


power 


moderate impact loosens large deposits, a second impact 
is a bit harder to loosen thinner deposits, and additional 
raps gain in intensity up to a pre-set limit for a total of 
S raps per cycle. In addition, the cycle may be selected 
for 1, 2, or 4 raps per cycle, depending upon the demands 
of the specific installation. If a single rap per cycle is 
selected, it will be at the intensity pre-set by the operator 

\ separate control circuit adjusts rapping intensity, 
The rapping frequency may be 


adjusted from SO raps per minute to less than 2 per 


from zero to full impact 


minute 

rhe rapper control timing circuit is electronic and has 
passive elements, using silicon diodes and oil filled con 
All switching is by thyratron tube circuitry, 
and individual components are protected against mechani 
Another advantage of this type of rapper 
The automatic van 


densers 


cal dam ge 
control is dimensional economy 
able intensity unit is about half the weight and volume 
of previous controls and readily meets the wide range 
of adjustment required from plant to plant and boiler 
to boiler Che lower operating voltage meets the rigid 
safety requirements of power plants 


Power Control 


Regardless of efficient electrode configuration, power 
requirements for Cottrell type precipitators will vary 
widely as the properties of the gas stream and suspended 
particles entering the precipitator change 
In order to obtain maximum collection efficiency, it is 
the electrode 


chamber 
necessary to maximum 
at all 
Manual power control is not adequate to insure maxi 
To prevent overload tripping 
the operator will 


IM pose power on 


system times 
mum collecting efficiency 
of the electrical energizer equipment 
usually operate the control at a rating below the optimum 
voltage, thus lowering the average precipitator collection 
Early models of automatic controls were ex 
Many suffered from 
extremely high rates of component failure and inadequate 
range of control. On the other hand, manual control 
is expensive in terms of operator labor, and results in 


efficiency 
tremely complex and expensive 


poorer collection than obtainable by modern automatic 
methods 
Che 


control for an electrostatic precipitator can be stated as 


requirements for an efficient automatic voltage 


Optimum power through varying gas and part« 
ulate matter conditions 

Maximum range of voltage control 

Minimum maintenance and parts replacement 


d. Simplicity of circuitry and mechanical design 


The operating principle of an automatic voltage control 
is to overcome the variations in spark intensity and 
the boiler 
efficiency, 


changing conditions in 
fuel 
and soot blowing may cause a 


frequency due to 
effluent 


irying st« 


Changes due to combustion 


imung rates 


variation in ash and gas conditions within any given 
operating period 
In fly 


is obtained with high sparking rates, often several hun 


ish with a high resistivity, maximum efficiency 


dred a minute. These sparks are very fine and dissipate 


ery litth preci pitator voltage They cause little erosion 
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When ash of moderate 
sparking rates in the order of 
the collection 


characteristic of 


of the collection material 
resistivity 1s precipitated 
10 to 100 sparks per minute give best 
More 


resistive 


efhciency intense sparks are 


moderatel\ ash \t high sparking rates, these 


more intense sparks will erode an excessive amount of 
dust from the collecting plats 
With high resistivity ash 


intensity produce best results 


then, many sparks of lower 
With moderately 
tive ash, fewer sparks of greater intensity are desirable 
though the 


may vary widely 


resis 
Even optimum sparking rates and spark 
energy the product of rate and energy 
expressed as average sparking current) tends to remain 
constant his constant average value of the sparking 
current is the basis of a successful automatic precipitator 
schematic automat 


power control. A diagram of an 


i 


power control for electronic rectifiers is shown in Fig. 4 


Mechanical Power Controls 


still 
power 


Many installations are 


utilizing 


efhcient precipitator 


mechanical rectifiers rhe automatic 
control discussed above will operate successfully on tube 
metallic but shift 
saturable core reactor, as used in modern power controls 
rectifiers Phe 


motor-driven 


and rectifiers phase induced in a 


from use with mechanical 


will throw the 


restricts it 
shift 
rotating disk of a mechanical rectifier out of phase with 


phase synchronous 
the transformer 

However, the basic control requirements are the 
for all 


automatic control for mechanical rectifiers operates on 


Salli 


types of rectification \ recently developed 


the same basis of sensing the variation in average spark 


ing current, then feeding more or less power to the pre 


cipitator as required. A schematic diagram of the 


automatic power control for mechanical rectifiers is 


shown in Fig. 5 

Development of automatic power controls has pro 
vided an impetus of major significance in the constant 
fly-ash 


automat 


advances in collection. By making the power 


control an function, it removes the possi 


bility of error on the part of an operator, and allows the 


precipitator to operate continuously at the maximum 


collection efficiency 





A Look at the Future 


Research and development by precipitator manu 
laboratory 


facturers 1s New methods of 
analysis of components and basic design functions have 


continuing 


been developed to aid the engineer with his approach to 
economical maximum collection efficiencies. Laboratory 
ind field testing of new developments is producing re 
sults that will be reflected in design within the next few 
months or years 

In the component field, much work has been done by 
tube rectifiers are still an economi 


great deal of effort 


the designers. Since 


cal method to rectify high voltage, a 


has gone into prolonging the life of electronic tubes 
rhe useful life of the tubes which supply high voltage 
d-c current is primarily dependent on filament voltage 
and plate current (precipitator current 

An increase in filament voltage of 5 per cent above 


manufacturer's ratings will reduce tube life 
\ reduction of 5 per cent below the rating will double 
the tube life 
filament 
there 

lo increase the life of a tube 
to control the voltage 
fluctuations in the 
sponding changes in filament voltages By connecting 


4) per cent 


rhere is a danger point in reduction of 


voltage, however li the drop is too great 


will be instantaneous failure of the tube 
theretore 


to the filament 


it seems neces 
But 


corre 


sary only 


precipitator current require 
the automatic precipitator power control to a unit which 


will control filament voltage, this voltage will be raised 
when the plate current 


lowered when demands are reduced 


demand is high, and will be 
Recent tests have shown that it 1s possible to automati 


( illy 


level 


sate 
rhis 


most rigorous 


maintain filament voltages at a constantly 


below the tube manufacturer's ratings 
method has prolonged tube life under the 
test conditions 

rhe 
rectification equipment for fly-ash precipitators 
circuitry and the inherent ad 


vantages of silicon rectifiers represent low maintenance 


silicon diode has revolutionized high voltage 


Rapid 


improvement in many 


cost and more efficient operation to the power plant 


High 


recognition in the power industry and no doubt will be 


operator voltage silicon rectifiers are gaining 


fully accepted by power engineers in the future 
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Fig. 4—Schematic diagram of an automatic power control for an electronic 


rectifier appears above 
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Fig. 5—Automatic power control for o mechan- 
ico! rectifier is shown for contrast with Fig. 4 
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Fuel 


of the precipitator desi 


and combustion parameters are also concerns 


gners The use of low grade fuels 
for coal-fired boilers is increasing with strip mined coals 
becoming major fuels for many steam generating plants 
At the 


constant drive for better cot 


high resistivity ash fuels 


same time, boiler sizes are increasing and there ts a 
nbustion of these low heating 
These are some of the 


manulacturet 


value 


parameters with wh.ch the precipitator 


must attempt to achieve ol'ection efficiency as close to 


possi ble 


} 
The basic goal is 


1th) per cent as 


? tay 1! 


laximum collection efh 


ciency with minimum equipment at a minimum cost 

An interesting development is a precipitator recently 
Southern California 
rhe precipitator is the first 


placed into operation at Exlison 
Co.'s El Segundo plant 
commercial system for electrostatic removal of residuals 
from oil-fired boiler effluent 
Research in the problems of precipitating effluent 
contaminants from the boilers of steam generating plants 
is continuing and promises further advances in the col 
lection of fly ash to meet the increasing demands of the 


power industry 


Zinn Receives Atoms For Peace Award 





Dr. W. H. Zinn 


Zinn and Weinberg Share Award 

Academy of Sciences 
May 18 was the setting 
Walter H Vice 


Activities of Combustion 


ceremony at the National 
Washington, D. ¢ on 
lor presenting t Dr 
Nuclear 
Engineering, Inc. and Dr. Alvin M 
the Oak Ridge 


"y 

ZAnnN, 
President 
Weinberg, director of 


National Labratory, the 1960 Atoms for 


Peace Awards 

Awards for 1959 were presented at the same time to 
Dr. Leo Szilard who, with the late Enrico Fermi, was 
granted the first U. S. patent nuclear chain reaction 
ind Eugene P. Wigner, director of the Clinton Labora 
tories of the Manhattan Project, 1946-1947, who has re 
turned to his research and teaching at Princeton 

The Atoms for Peace Awards were created bv the Ford 
Motor Company Func memorial to Henry Ford and 
Edsel Ford Their was the outgrowth of 
statement by President Eisenhower at Geneva in July 
1955, in which he expressed the hope that “private 
business and professional met will take an interest 
and provide an incenti finding new ways that this 
new science can be used for the benefit of mankind 


and not destructior 
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Four Atom Pioneers 


\ll four award recipients were in active association in 
the intensely exciting experiments which finally resulted 
in the first self-sustaining nuclear chain reaction in 1942 
the Manson Benedict, 

Engineering, Massachusetts In 
T oday 


address at 
Nuclear 


Pechnology, said, 


In an ceremory, 
Professor of 
stitute ol 


men who, of all men living, have done most to originate 


we honor the four 


and perfect the nuclear fission chain reactor 

Prof. Benedict The Role of the 
\ward Winners in Reactor Development.” He traced 
their and with 
frequent reference to the contributions made by each of 
An excerpt 


s address was titled 


the evolution of theories experiments 
them in their cooperative achievement 

In Pupin Physics Laboratory of Columbia Univer 
sity, Fermi and Zinn pressed hundreds of pounds of 


uranium oxide powder into lumps and sawed tons of 


graphite bars Stacking the piles of these materials 
was hard, dirty work, an incongrouous activity for a 
university in the heart of New York City 


Prof 
University of Chicago and its 
Fermi, Szilard and Zinn moved to 


1942, said 


centralized at the 


In early Benedict, the project was 
pace 
greatly accelerated 
Chicago, 
successfully one of the 


where, in less than a year, they completed 


world’s most celebrated experi 


ments 
Atomic Era Ushered In 
With Fermi in charge of the work, Zinn built the 
world's first nuclear reactor, using pure graphite and 


Szilard’'s foresight In a 
Stands of Stagg Field in 


1942, this pile of graphite 


through 
West 
the heart of Chicago, on Dec. 2, 


uranium provided 


squash court under the 

ind uranium went critical and ushered in the atomic era 
Dr. Zinn, in responding to his citation, said “I have 

had the opportunity to see firsthand the rapid evolution 

of diverse and complicated machines that early piles of 

ind uranium building blocks 

Formidable technical 


graphite 


problems, which in earlier 


times would have taken decades to solve, have yielded 
quickly to the power of the modern research laboratory 
complex. One can only express regret that the political 
probl ms created by atomic ene rgyv have not, as vet, been 
solved 

\ total grant of $150,000 for the 1959 and 1960 awards 
was shared by the recipients, each of whom received a 


gold medallion symbolizing the award 
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Philadelphia Electric Co 


Here are America's first siz CE-Sulzer once-through 
boilers: All have LEN Direct-Energy Balance Control. 


Company 
Dayton Power & Light Co 
Metropolitan Edison Co 
Dayton Power & Light Co 
Philadelbhia Electric 
Cleveland Electric Iliuminating Co 






Operating 










Prewure Capa- 

Station pati) bility 

Tait 4 2400 150 MW 

Portiand 1 2400 165 Mw 

Tait 5 2400 150 MW 

Co Eddystone | 5000 325 MW 
Avon 8 3500 250 Mw 

Eddystone 2 3500 325 WW 


New L&N Direct-Energy Balance Control 
Coordinates Once-Through Boiler and Turbine 


Philadelphia Electric Company's Eddystone Unit No. 1, 
the world’s highest pressure and temperature (5000 
psi and 1200°F) steam generat employs the larg- 
est CE-Sulzer, once-through boiler ever built 

A new type of combustion control, Direct-Energy 
Balance, coordinates boiler-turbine operation by con- 
sidering them as an integral unit. From combined 
steam pressure and generator intelligence, D.E.B. con 
trols regulation of both fuel input and turbine gov- 
ernor valves. Excess air is “trimmed” automatically 
by flue gas oxygen analyzing equipment 

In the picture above, an operator at Eddystone is 
using the D.E.B. Control to set directly the desired 
rate of generation change. When he calls for a chang 
in load, the control responds quickly, at the pre-set 
rate of change. Operatior f the unit is integrated 
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because (1) boiler-turbine output is changed in a pre- 


orderly manner, and (2) output is kept 


the 


determined, 


within the capabilities of equipment in service 
method, 


Improvement over 


In designing the Direct-Energy Balance 


con- 


L&N engineers sought a basi 


ventional combustion controls. Based on 30 years’ 
experience in power plant measurements and controls, 
this new method was developed, subjected to simula- 
tion studies, and extensively field-tested. Direct- 
Energy Balance Control has also been selected for 
Unit 2 at Eddystone, a supercritical unit of 3500 psi 
For information on this new concept in combustion 


7 
l, eall your 


Field 


Stenton 


Office, or 


nearby I 
Avenue, Philadelphia 


1972 


contr 
Reprint 463(8) to 


14, Pa. 


, LEEDS = NORTHRUP 


instruments iT] Automatic Controls « Furnaces 
ul il 
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The boiler feed pump and its associated equipment 
represent a major operating and maintenance con- 
sideration in today’s power plant. Here we run in 
question-and-answer form a series of clinic sessions 
on various boiler feed pump problems. The replies 
ore the work of one of the topmost pump authorities 
and give specific information which we hope will 


prove valuable to our readers. 


By IGOR J. KARASSIK* 


Worthington Corp. 


Steam and Power Plant Clinic—Part XVII 


QUESTION 


I have 


you 


read a number of your recent articles in which 


comment on the neuute engineer encounter in 


evaluating intangible factors which affect the reliability of 


steam power p ant equipme nl ] am essentially in agree 


ment with your reasoning, but I fail to see any practical 


; 


suggestion lo gel 


around these difficulty After all, i 
should not enter into the 
But 1] price, 


and other factors which do lend themselves to direct compari 


not reasonable to say that pric 
decision tn selecting equipment performance 


sons are to be used in an evaluation, what means are there 


avatlable to introduce the effect of reliability or of othe 


simtuiar intangivdlé 


ANSWER 


I will plead guilty to the 
the reliability 


defense rests on the fact that: only 


uccusation of having stressed 
My 
these 


need of evaluating considerations 
too olten are 
ind that 


ill attention to this neglect 


considerations given no significance whatsoever 


it is highly important t 
gut I do not feel that reliability must be given signifi 
cance at the exclusion of all My thought ts 


that to be valid 


other items 


an evaluation of equipment must be 


a ‘‘total’’ evaluatior rhe methods used to achieve such 
a ‘total’ evaluation car iry widely, but if a// factors 
are given some weight engineer's conclusions will be 
more logical and more ilid than if certain items are 
neglected 

One of my friends, Chief Engineer of an Eastern Utility 


] } +} 


once wrote me, describing the particular method that 


he has been using in the evaluation of equipment It 
is as logical an approacl s I have seen advanced any 
where and I have aske his permission to quote fro 
OuESTI 

Ws r 1dd1? 25 OOO-4 anil dé f ned in ober fa 
throttle pre ( S50 in my fud te of the bo 

’ t Ha 
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his letter on the subject, a permission that he has very 
graciously granted me 

‘For those who like numbers in their bid comparisons 
I have for many years used a ‘point score’ system wherein 
out of a total of 100 points, 40 are reserved for the price 
of the equipment. This is scored so that any equip 
ment costing double the lowest bid scores no points on 
The remaining 60 points are divided on an arbi 
trary basis, such as 10 points for manufacturer's repu 
tation, 10) points for our experience with the equipment, 
10 points for the industry's experience with the equip 
ment, 10 or 15 points for engineering prejudice. If 
reliability and likelihood of failures are important, a 
points allocated to this feature 
ind, if failure may encompass heavy damage to the 


price 


number of may be 
equipment, to other equipment, or to the public or em 
ployees, point values may be assigned to these items 
he various bids are then compared and assigned a 
proportionate share of the point value, the equipment 
carrying the highest total being selected 

‘The beauty of such a comparison is that adequate 
weight can be given to evaluated factors according to the 
judgment of the engineers. It has been our experience 
when the results of such a point score are close, that we 
really do not care which of several alternates is selected 
that 


totals occur 


and where major differences in these point score 
any amount of argument with persons ol 
conflicting opinions will not result in enough variation of 
the score to change the selection of the equipment 

What could be that the 


value indicated can be shifted within reason to accom 


simpler? I am sure point 


modate any engineer's opinion of the relative value of the 
various items which are given consideration with detrac 


ting from the validity of the results 


ea f / hid ound that closed heater uttable for opera 
lion under a pressur equivaient to the maximum boiler 
eed pump discharge pressure are much more ¢ pensive 
fnan were designed for ay, 40 pst Th would 
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indicate some advantage blitting the boiler feeding into 


Serle wi the closed heaters being placed 


two pumps in 


between the two pump Such an arrangement, on the other 


and more cumbersome than the use 


hand, 15 
ora single pump to develod the entire 


more ¢ vpe NS IVE 


required pre ure 


ANSWER 


Such an arrangement not only can be used, but has been 


used in a few installations The cycle utilizing the ar 
names such as, for 


built for 


rangement has been given various 
the ‘‘Mix-Temp 
this purpose have been termed ‘‘re 
Patent No. 2,225,453 covering this development 

1940) first installation 


ompany at Morgantown 


instance cycle and pumps 


entry’ pumps. U.5 
was 
granted to the author in ind the 
was made by the author's « 
W. Va., in 1941 

Unfortunately 
in that it eliminates some problems, but introduces some 


Because these new 


this solution is not an unmixed blessing 


new ones, as will be seen presently 
problems are involved with the operation of the pump 
the cycle has not been particularly popular and the instal 
lations very few 

he idea was first developed for axially split casing 
Jecause 


the 
suction 


multistage pumps with ‘opposed impellers 


the two lowest pressure stages are located on two 


the 
temperature are 


opposite ends of pump, and because the 


and generally of a nominal 


magnitude, the stuffing box problem is not complicated 


pressure 


by the need of dealing with high pressures and tempera 


tures lhe feedwater is withdrawn from the pump at 


any stage following the second stage, passes through the 


closed heaters where is increased and re 
the 


pressure 


its temperature 


turns to pump rhe remaiming stages add the 


and the 


| . 
throug 


feedwater 


h iny 


necessary proceeds to the 


boiler without passing further heaters 


sce Fig | 
rhis arrangement ts also applicable to other designs 
to the 


‘casing boiler feed pumps 


impellers or to double 


ithough certain of the advan 


lor mstance m-line type 


tages ol the idea are sacrificed Chis 1s especially true 


of the double « 
ind return through both the inner and outer casing 


ising design, since the feedwater must go 


out 
In principle, then, the arrangement reduces the pressure 


on the closed heaters whil it the same time, ret ining 


EAT e® Ofens 


Fig. 1-—The basic cycle employing the idea of a single boiler feed pump 
developing all the feedwater pressure and yet providing interstage heating 


Fig. 2—Note the application of check valves in the pump suction lines to 


gvard against flashing and steam blanketing of the suction header when a 
parallel pump goes off the line 
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Why couldn't the feedwater be withdrawn from an inter- 


mediate boiler feed pump stage and returned to the next stage, 
having first passed through the extraction closed heaters’ 
This and still keep a 


ingle hotler feed pump 


would save money on the heater 


the single pump and avoiding high pressures and temper 
itures on the stuffing boxes 

On the other hand, it introduces some expansion stress 
problems because the pump handles feedwater at two 
The pump now has two suction 
this 


may be 


different temperatures 


and two discharge nozzles and iggravates the 


problem of piping stresses that imposed on 
the pump 

But the more telling problem is that introduced during 
certain transient conditions. It will be 
noticed that the suction lines to the individual pumps on 
Fig. 2 are provided with check valves in contrast to the 
usual boiler feed pump installation in which check valves 


These suction check 


operating 


are located in the discharge only 
valves were found to be necessary to avoid flashing and 
steam blanketing of the entire suction header when one of 
several pumps operating in parallel is brought off the 
line 

Che problem is the following 
is stopped, a portion of the pump contains feedwater at a 
temperature considerably higher than that of the feed 
water coming to the pump from the direct contact header 
it the pump suction. As this water leaks through the 
internal clearances of the idle pump back into the first 


when one of the pumps 


stage of the pump and to a lower pressure, it flashes as 


soon as this lower 


pressure corresponds to its vapor 
pressure 

rhis flashing process extends back into the common 
suction header, blanketing it with steam and putting any 
pumps remaining on the line out of commission. Fur 
ther, until the valve line 
heater to the high temperature 
closed off, some high temperature feedwater pumped by 
into the idle 
introduction of the 


leading from the closed 


section of the 


in the 
pump 1s 
unit, cor 


the remaining flow 


tinuing the flashing process Che 


pumps can 


individual suction lines avoids this 


check valves in the 
possibility 
idle pump of high tem 


It is still necessary to void the 


etTuee 


wale SUCTION “tener 
LOw TEMPERATURE Low Pressume 7 
— rf _ 
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A—+-i ST STAGE | Ly ++: ST STAGE 


yresaee | | 3m Stace +/)\—__/ 








ST STAGE STH STAGE 

@ Tw Stace i) “a 7H STAGE ‘ 
aT stace ? | atu Stace 

280 stace+— |: =O StTace—+— 


GO:LER FEED 


| J 
i] SOLER FEED 
i" PUMP MO | ¢ PuMPNO? 
¢ | 

= 


t aa sO1LeR —— 


OISCHARGE HEADER 





July 1960 | COMBUSTION 





before it can be safely restarted This 


ting through a valve must be 


perature water 
means that some form of vet 


resorted to, once the has been stopped. In 


valves to permit bypassing the closed heater 


pump 
vddition 
ilso as indicated on Fig. 2. If the stopping 
heduled nature, the 
the closed heater for a few 


’ 


ire required 
the pump is of a s valves are 


first manipulated, bypassing 


CLINIC MAILBOX 


Clinic’ articles, and 


appearing in the 


Referring to the Power 
Mr. P. H. Hardt 
February issue of COMBUSTION, these questions and 
Anti-Flash Baffling’’ in 


ind informative 


irticle 
inswers on the subject of 
ceaerators are very inters 
irguments contained in the above-mentioned 


ynuld 


ind even detrin 


From the 


irticles, it wi uppear that the use of anti-flash baffling 


is unnecessary ental, particularly where a 
However, perhaps the 
will not affect other pump 
where NPSH requirements 
considerations that 

of outlet, piping 
Japanese installation 


Worthington Pump is being used 
conditio1 


same operating 
gns in the same manr 
Also 


the problem, such as size 
Che 


there art will 
plant 


perating conditions 


men has missed the point 

inti-flash baffling on the 
effect of anti-flash baffling 
the configuration 


the effect 
NPSH 


ulabl 


is that 
ulable 


the av 


is that the 
NPSH 1 
by the 


ts tha llow 


roduced by 


this baffling ratification of the water storag« 


1 sudden load drop Phe 
affect the re 


ind by the ever 
pump characteristics themselves im no way 
ulting reduction im avail N PSH 


is to what will happen to the pump under 


ible 
Che que stron 
these reduced NPSH conditions is an entirely 
itter might add that 
I described in the November 

However I 
that 
flavoring or criticizing any 
result, I had this 

le Since I am being forced 
[ hope that I 


i second similar Japanese 


irate parenthetically 
pump whicl 
Worthington pump 

nd statements 


9 articl 
could in 


omitted 


this case 


particular rule in 


il | idd th itin 
rthington pumps, the same 


of flashing but the pumps 


served by V 
litions led to the same type 
flashing con 


mestic 


successfullly I also 
installation with Wor 


arose and where 


urvived the litions 
ww specifically of one 
thington pumps where the same problem 


The 


these last two cases is that 


suller damage reason for such 


he pumps did not 


favorable outcome i 


the pumps did not depet internally water lubricated 


support it the 


steam binding of the pumps did 


bearings or on wearing rings. Cons 


ng 
uently, the flashing and 


t lead t 


] sf , 


‘nternal « 
tther comment by Mr 


in answer and tl 


Lemen which re 
his claim that stratification 
the water storag innot occur. He that 


there 1s a thermal potential 


is al 


states 
nder 


that will exist in the storage 


normal opet 


tank’’ which would cause a 


circulation and the deaerated water storage 
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minutes, after which the pump is tripped out. If the 
shutdown is unexpected, the valves are closed off as soon 
as possible so that the pump can bypass the heater on 
restart, the pump is vented and then is ready to return 
to service 

All of this, obviously, complicates the operation of the 
feedwater system and is why it lacks popularity 


referred to in these articles ts a very severe and unusual 
operating condition which would not normally be en 
countered in most deaerator installations 

I do not agree with the author that 
the deaerated water storage in the storage compartment 
can occur with various temperature gradients. Under 
there is a thermal potential that 
storage tank where heat would flow 


stratification of 


normal operation 
would exist in the 


to ¢ water 


suse circulating and mixing of the deaerated 


storage 


RALPH M. LEMEN 
Manager, Heot Transfer Section 


THE DERMUTIT Co 


I have no quarrel with that statement in itself, but would 
like to call Mr. Lemen’s attention to the fact that the 
events described in my article did refer to norma 
The conditions referred to were specifically 


not 
ope ration 
followed a sudden loss of load im 
is true ‘that the 


abnormal, since they 
mediately after 
Japanese installation in question does present some severe 
Phat they are not 
encountered in most installations is not quite. true I 
have direct knowledge of one installation where stratifica 


a rapid increase It 


and unusual operating conditions 


tion and temperature gradients have been observed as 
long as an hour after coming on load from a cold start 
\s a matter of fact, any unit operating under the swing 
load conditions imposed when the unit is used for system 
control will be subjected to exactly similar 
If the unit has operated at low loads for a 
long period of time, the deaerated water storage will be 
it a low temperature If the 


ind then drops immediately thereafter, the water storage 


lrequency 
transients 
load increases suddenly 
will not have had the time to come up to saturation tem 
perature and the series of events described in the Novem 
ber 1959 article will take place with the inescapable re 
sults explained in that article 

Mr. Lemen is entitled to his opinion. I stand firmly 
which is that anti-flash baffling provides litth 
if any help under normal operating conditions, provides 
this help too late after the hazards it tries to remedy 
definite additional hazard 


on mune 


have arisen and presents a 
under certain abnormal but potentially 


therefore, anti-flash 


con 


probable 


ditions In my baffling 


should not be 


opinion 


used in deaerators 


IGOR J. KARASSIK 





CRACK THE PROBLEM OF HANDLING 
NEXT WINTER'S FROZEN COAL—NOW! 


Pennsylvania's 
Frozen Coal Cracker 
is the answer 


If frozen coe! handling is one of 
your winter problems—you can 
solve it with a Pennsylvania Frozen 


Coal Cracker. 


This is the specially-developed 
cracker with a wide feed opening, 
permitting use of open-throated 
hoppers. Dumped directly into 
such hoppers (no need for grates) 
the frozen masses of coal work 
their way freely to the hopper 
bottom where they are broken up 
by blows from the cracker’s special 


teeth. 


A uniform product with limited 
top size and minimum fines is fed 
conveyors, protecting them from 
overload, and insuring a continu- 
ous flow of coal from unloading 
point to yards, or yards to plant. 


Cracker can be starwd up with 
full hopper; operates satisfactorily 
under choke feed. 


Breaker plates are designed so 
that in warm weather they can be 
opened up, permitting the coal to 
pass through without operating 
the crusher. 

Mechanically simple, built-in 
tramp iron protection. Low head- 
room required makes the Frozen 


Coal Cracker ideal to fit into exist- 
ing hoppers. Drives can be engi- 
neered to fit in a minimum of 
space. Capacities up to 1200 tons 
per hour. Available in single or 
twin units. 


ACT NOW 
Don’t be plagued by hopper jams, 


overloaded conveyors, slowdowns 
and high labor costs. Act now, 
Write for new Bulletin 2013. 


PENNSYLVANIA CRUSHER DIVISION 
Batu Iron Works Corporation 
WEST CHESTER, PENNA. 

* * ®* 

Over 50 years’ concentrated experience 
in all types of material reduction 
makes Pennsylvania your best source 
of crushers and engineering advice 
and service. Call on Pennsylvania 
with your next crushing problem. 
Representatives from coast-to-coast. 
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Abstracts From the Technical Press—Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin, International Combustion, 
Ltd., London, W. C. 1) 


Fuels: Sources, Properties and Prepara- 
tion 


Chemical Structure and Properties of 

Coal XXV--The Carbonization of 

Coal Models. ns a ee D W 
in Kreveler ! | Vaterman 


Hy 


Aromaticity of Coal. 
Bondopadh 4 ' 


I ahiri 


is shov 
lationshiy 


il and its carl 


American Coal Characteristics and 
Their Effects on the Design of Steam 
Generating Units. Duzy 


{SME Prepr 


The Combustion of European Coals in 
Modern German Steam Generators 
Pracht H I me nd G 


Effect of Ammonia on the Autoxida- 
tion of Coal | } 


} 
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ture at this level Simular reports 
received from other col 


stock pile he 


economics of this treatment method 


have been 
lieries with large 


ire discussed briefl 


Mechanical Handling 


Flow of Coal in Hoppers. Yee Le« 
COMBUSTION 1960, 31 4 
Based on a review of the theory of 


June ) 


flow of dry and wet granular materials 
in hoppers a hyperbolic design wa 
evolved and tested in which arch 
formation and stoppage dues not or 
cur. In comparative tests at Peipu 
power station hoppers with stainless 
steel lined outlets, 70° side-wall angle 
ind electrical vibrators suffered 353 
interruptions of flow when handling 
coal with a surface moisture of 14.3 
per cent whilst the hyperbolic hopper 
had not a single stoppage All the 
ther hoppers have now been replaced 
by the new design reducing operators 


has | 


by 13 men per day and increasing the 


plant output by 5 per cent 


Aluminum Chute Stops Coal Blockage. 
(non Engineering 1960, 189 (Feb 
>. YOO 
Aluminum chutes have proved 
much more wear resistant 1inst coal 
than mild steel chutes an iuse of 
the mirror finish the A 
ice also reduce blockaye 
power station suc h a chute has been in 
operation for over 28,000 h and con 
eved more than 60,000 t of coal; it is 
believed that it will have double the 


of that I tee! hute hess 


The Effect of Fines Content, Moisture 
and Added Oil on the Handling of 
Small Coal. I). A. Hall and J]. O 
Cutre rT] 7 


Heat: Cycles and Transmission 


Heat Transfer from Solid Bodies to 


Liquids with Steam Formation taking 
into account the Flow Conditions. 
H. Bihler and F. |]. Schmidt 
ernenergie 1960, 5 (Jan IS-22 (in 


Alom 


Germar 

Phe determination of heat transfer 
coeficients evaporative cooling is dis 
cussed together with the influence of 
flow velocity of the coolant, surface 
finish of the heated body, additives to 
and te mperature ol the coolant The 
processes during boiling and film phase 
and the transition from one to the 


other are described 


Heat Transfer to Heat Exchangers in 
the Moving Bed. RK. Ernst 
Ing. Tech. 1960, 32 

German) 


Chem 


17-22 On 


Experiments were carried out on 


heat transier to staggered heat ex 


change tubes over which particles 


passed in cross-flow and compared 
with results obtained in tests in which 
the particles passed axially through 
the tubes In the former case the 
heat transfer coefficients are consider 
ably higher and smaller heat exchange 
surfaces are required The optimum 
values decrease with increasing particle 


size 


Steam Generation and Power Produc- 
tion 
Location and Size of Transition Zone 
in a High-Pressure Once-Through 
Boiler. GG. I. Aleinikov and 1. I 
K osheles /-nergomashinostroente 
1960, 6 (Jan 7-10 
Choice of the position of the transi 
yuided by the 


iverage qualit of feed water, any 


in Russian 


tion zone 1 generall 
harp increases im impurity content 
being ignored If the transition zone 
isin the region of reduced thermal flow 


irrespective of pressure) no harm 1s 


| 
done to the heatins urface in the case 
f sharp deterioration of feed water 
im the boiler 


The Temperature Distribution in the 
Wall of Cooling Tubes of Technical 
Furnaces. ] Bohm kinergie 1960 
12 (Jan.), 6-12 (in German 
approximate olutior 
f wall 


radiant heating sur 


trict ind 


presented for the calculation ¢« 
oal fired lurnace 


High Capacity Gas and Fuel-Oil 
Boiler Unit for Outdoor Installation. 
hin, \ Reznik and Yu. A 


mashine froenté 


in Russian 


cription 15 4 n a protot 


oiler un 
it team pre ure 
main and interme 


perature o,!) 4 





laganrog ‘“‘Red Boilermaker’ wor Water-Side Corrosion and Water 
which was designed for outdoor co Treatment 
truction and firing with natur 


snd fuel oil CECB The Removal of Rust and Scale from 


Steam Generators. I Seyb 

Space Age Hydrostatic Test. kK. A B.W.K 960, 12 (Jar 
Nickerson COMBUSTIO® G60 (German 

Jan 0) Alter discussing I rou acid 

It has been found that the use of treatment method 1 new method 
vacuum pump to extract all entrapped 1g ing from Sweden is described 
ur has resulted in considerably reduc using proprietar reagent called 
ing the time required to brit | omplex-All based on ethylene 
boiler water to the pressure required dian raacetate 1S amine re 
for the hydrostatic test and pinhol ‘ | ! ht vids risk 


leaks can be more easily detected rrosion: i ts v 1 calcium, mag 





UP GOES EFFICIENCY .. . DOWN GOES COST... 


FULLY AUTOMATIC ... FORCED DRAFT 
PACKAGED ROTARY BURNER 


6 SIZES—7 TYPES fit all automatically fired boilers or furnaces 
... burning all grades of fuel oils, gaseous fuels or combination 
of both. TODD ROTO-PAC is equally efficient when applied to 
Scotch boilers, firebox boilers, steam and high temperature 
water generators. 

This complete burning system is engineered for extra economy, 
lowest maintenance costs one self-contained unit including 
burner, forced draft fan, air-fuel controls, enclosed electric panel, 
prewired and mounted on base assembly. Also TODD 
“SAV-PAC” Register Type Burner System. 


Write for complete details and spec ifications 


TOD SHIPYARDS CORPORATION 
PRODUCTS DIVISION 


Sales and Service Departments: Columbia and Halleck Sts., Brooklyn 31, N. Y. 
Plant, Sales and Service: P. O. Box 9666, Houston, Texas 











um and the scale 
was filled with 50m 
which 2.5m 
idded, resulting 

10 C and 8S 
sate Was 


the steam p 


place 


I he content 


ppm 

Fe 

tubes were 

boiler water remained compl 
lean About 40 steam generators 


up to 240 tvh and 


pressures of up t 
00 att) have been successfully treated 


this method 


Con Edison Tests Prove High-fliow- 
rate Demineralization. I. B. Dick 
ind P. L. Silliman Power 1960, 104 
Jan 78S 
rests in a pilot plant have 

hat flow rate | 1) gpm pert 

ire possible in a demineralizer 
without detriment to the qual 

the effluent if larger | 


ire used 


Treatment of Boiler Feed Water by 
Physical Means. I Schuman 
B.W.K 960, 12 (Jan ) 
German 

Ireatment of feedwater and boiler 
water by electrical radiation, mag 
netic fields or ultrasonics has prove 
successful for waters of medium and 
high carbonate hardness and low 
tents of sulphate ions and silici 
These methods are applicable 
shell-tvpe boilers and not t 


tube boilers 


Flash Evaporators for the Production 
of Boiler Make-Up in Power Plant 
Cycles. E. | leu E. | 

ind R. I Co | 
No. 59-A-203 

Phe design 
flash evapor 
water into pot 

Phe scaling 

vercome 
operate lor a 

uring cleanir 

ntains less tl 


ind 1s thus 


Gas-Side Corrosion and Deposits 


The Influence of Factors of Raw 
Materials, Design and Operation on 
the Fouling of Heating Surfaces. 
Gumz Witt RB N ‘ 
German 
lade t Claril 
fuel pr 


peration 
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Fireside Corrosion of Superheater 
and Reheater Tubing. |. Jvonakin 
\ Rice ind ] i Reese | Wi 


N 0-1 


evere corrosi e! ter and 
reheater tubes ol t the wall 
est 
rie earch 
remedial mea vVaStage 
tainless steel re ociated 
ish consti nt ing low 
temperaturt Che relation 
metal wastage t metal emperature 
a bell-shaped cur ‘ 1 maxi 
at 105 wastage 
ve reduced |} ] ! t coals 
ner grinding f tl il and the 
installation of sh | 
the tubes most ex 
ood result 
ter method i 
mperature ol the 
temperature 
ivVV wastage (« if 


en of the nature an 
deposits on the 
Corrosion of Superheaters and 
Reheaters of Pulverised-Coal-Fired 
Boilers. \ Nelson and (¢ Cain 
1SME Preprint N¢ \ 
Dec.), 8 pp 
Detailed studie 
superheater and rel 
ywwn that on the 
oft, erystalline 
ormed consisting 
potassium 
ihe lormation 
lex sulfate take 
when catalyticall 
nes with potas 
oxide from the c« 
ten complex sulf 
hen the temper 
hermal stabuilit 
icentration of SO 
The iron 
sulfate radical 
is converted 
is reaction explair 
son rates iound 


ind field tests 


External Corrosion of Superheaters in 
Boilers Firing High-Alkali Coals. P 
Sedor, E. K. Diehl and D. H. 1} 
hart 1SM/ Pret 


Raort 
! parti 


59 (Dec UV pT 
severe corrosi 
nt wastage ol 


lone-fired reh 


00 F) fired by co 
ng 4.6 per cent S 
ilkali and 0.35 per 
reported Metallog 
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HIANAL 


with super bond 


Colloidal bond used in 
Franset SB is shown dur 
ing digestion cycle 


Resists joint penetration—has low iron plus five 
other features. |t doesn't make sense to be careless 
about your bonding material when you're so careful 
about your brick. Particularly when brickwork is 
only as strong as its joint. But you can protect your 
Company's brick doilars with Franset With Super 
Bond. It’s the first and enly mortar with this 
special colloidal bond having twice the bonding 
strength of many well known joint materials. 
Franset With Super Bond has even more benefits. 


low iron—Less than 1% iron means greater resist- 
ances to carbon and reducing atmosphere, high 
sulphur oils, etc 


high or low duty service—!i can be used up to 
3000°F . 


plus—'t's easier to trowel, adhere and 
to work because of unusual plasticity, no settling 
or remixing either 


non-shrinking joints — There's no shrinking of joints 
either 


corinden-kyanite combination — Corindon -Kyanite 
combination base materials give added stability, 
higher fusion and higher slag resistances. It's qual 
ity controlled too with consistency from drum to 
drum—unlike some well known mortars. 


Don't let us alone convince you of the merits of 
the first mortar with colloidal Super Bond. Join our 
hundreds of users! 

Protect your Company's brick dollars now— 
before you have a joint failure. Test it yourself 
Write for a sample on your letterhead today. Don’t 
wait until it’s too late! 


RANCE 


REFRACTORIES COMPANY 


Department P 3125 France Read 
Snow Shoe. Pennsyivania’ 
Standard Refractories Ltd. Hamilton, Ont 


tion showed this to be pitting corro 
sion accompamied by surface carburiza 
tion and subsurface sulfide formation 
surfaces had been at a 
On the 


where the 
temperature of 1250-1300 F 
tube wall was found a white layer 
composed mainly of alkali and alka 
line-earth sulfates, fly ash and corro 
sion products, the water-soluble frac 
tion of the laver being particularly 
corrosive The steel of type 321 
IS-S was susceptible to corrosion by 
this white layer in the temperature 
range 1200-1400 F with a maximum 
at 1300 F 
less sus¢ eptible to this attack and the 


type 310, 25-20 steel was 


tubes in the most exposed region wer« 
clad with this steel. In addition, the 
gas temperature was reduced by an 
increased slag screen, higher excess 
MgO injected and the 


position of soot blowers altered This 


air was used 


reduced the corrosion rate to 5-10 per 


cent 


Oil-Ash Corrosion of Superheater 
Alloys in a _ Pilot-Scale Furnace. 
N. D. Phillips and C. L. Wagoner 
ASMI Preprint No. 59-A-281 19059 
Dec.), 8 pp 

The tests were conducted to eluct 
date the effect of a number of vari 
ables on the corrosion of superheater 
steels (18 Cr-8 Ni, 25 Cr-20 Ni, 16 
Cr-13 Ni-Mo, 18 Cr-S Ni-Ti) and of 
dry additives (MgQ, Mg(QOH) Ca 
COy: MeCoO, ALO, SiO. 2HO) on 


corromon I he variables 


reducing 
included: 1. Time ) Temperature 
§. Oil composition; 4. Metal tempera 
ture; 5. Gas temperature. The effec 
tiveness of the additives were about 
the same, kaolin producing the least 
amount of deposit and dolomite the 
most Their application is thus a 
matter of economic the most effe« 
tive ratio of additives can be calcu 
formula ratio by 
in additive 


lated from the 
weight sum of cation 
divided by the sum of Na and V in oil 
Of the steels tested the 25 Cr-20 Ni 
teel appeared to be more corrosion 


istant than the others 


Flue Gas, Ash and Dust 


Effect of Operating Variables on the 
Stack Emission from a Modern Power 
Station Boiler. GC. Jefferis and 
| D. Sensenbaugh, ASME Pre 
print No. 59-A-308 1959 (Dec.), 8 pp 

[ests were carried out on a twin 
furnace boiler with tilting corner 
burners supplying steam at 1050/1000 
F to a 186 Mw tubogenerator into the 
effect on dust loading, combustibles in 
the dust and oxides of nitrogen content 
in the flue gases of air admittance, oil 
temperature, burner tip size, burner 
tilt with and without flue gas recircu 
lation, excess air and gas recirculation 
The greatest effect in reducing dust 


57 





loading, combustibles and NO content 
had an increase in oil temperature 
whilst increasing the excess air over 
the range of 
dust loading by 80 per cent and com 
bustibles by 17 per cent, but increased 
NO content from 184 to 258 ppm 
rhe smaller burner tips also reduced 
the dust loading and combustible con 
tent. In comparisons with front fired 
boilers it was found that the NO con 
tent of the flue 
boilers was always much higher than 
that from tangentially fired boilers 


t per cent reduced the 


gases from these 


Austrian Fly Ash as Binder Additives. 
©. W. Blimel Witt. V.G.B. No 
63 1959 (Dec.), 421-31 (in German 
Most Austrian fly ash results from 
the burning of brown coals and the 
tests were therefore almost entirely 
restricted to this type of fly ash rhe 
flv ash either as received from the 
separators or finely ground was used 
Portland 
kinds of 


mortar and with the latter to produce 


with hydrated lime and/or 
Cement to produce Variou 
mortars 


concrete rhe strength of 


and concretes containing various ratios 
of fly ash has been tested and the re 


sults are presented in graph For 
mortars a mixture of 40-40%, fly ash 
and 60-40% hydrated lime i 


concrete an addition of 


recom 
mended, for 
7] ‘ 

20% fly ash 


Influencing the Properties of Concrete 
by Partial Replacement of Portland 
Cement by Fly Ash. |. I). McIntosh 
J. P. R. Jordan and W. O. Callaghan 
Mitt V.GB. No. 63 1959 (De 
12-9 (in German 

Large-scale 


up to 25 weight per cent of Portland 


tests have shown that 


cement can be replaced by fly ash 


obtain the same strength after one 


year as concrete without fly ash 


Compressive strength is improved b 


a high specific surface of the fly ash 


and its grinding before use may be 
necessary \ high content of com 
eflect 


tricted to 


bustibles has an adverse 


strength; this should be re 


10 per cent 


Power Generation and Power Plant 


Steam-and-Gas Plant 
Pressure Generators with 
Mw Unit Capacity. M. | 
and V. P. Drobot 
stroent 1oH0 6 lan 
Russian 
Details are 


and-gas installation in a high 


with High- 
170-200 
Kornee\ 


FE nergvoma 


presented ol a 


ity unit with two high-pressure steam 


generators having each an output 

h with gas turbines GT-700-12 
lech 
characteristics 


laine d 


lot 
and steam turbine PVK-150 
nical and economical 
and equipment lavout are ext 

CEGB 
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DEOXY-SOL 


e to remove 0> 
reduce oxides 
e raise pH 


Fairmount DEOXY-SOL, a solution of 
hydrazine, is a high efficiency oxygen 
scavenger designed especially for high 
pressure boiler water treatment. 

DEOXY-SOL removes oxygen, reduces 
oxides and raises pH of the conden- 
sate all at the same time... yet adds 
no solids. 

Stocks in Newark, N. J., Chicago, 
Ill., Los Angeles, Calif. Investigate 
its advantages for your system. Write 
for Bulletin BW. 


Fairmount 


CHEMICAL NC 


New 5-MW Gas Turbine will Burn 
Coal Gas. Anon Elect. World 1960 
153 (Feb. 1), 28-9 

At the Muskingum River 
station a 5 Mw gas turbine will be 
added to one of the four 215 Mw 
boilers to increase the efficiency of the 
cvcle this is only a prototype plant 
to gain experience whilst a full-scal 


power 


plant is expected to improve efficiency 
by 4 per cent rhe plant consists of a 
coal carbonizer 
char and gas, a combustion chamber 
a two-shaft gas turbine one driving the 


compressor and the other the genera 


a separator for the 


tor, and a cyclone attached to th 
boiler in which the char and exhau 
gas are burned, the combustion gas 


passing into the boiler 


Test Results of the First Pulverized 
Coal Fired Hot Air Turbine Plant for 
Power and Heat Generation. Kk 
tJammert and C. Keller B.W.K 
O60, 12 (Feb.), 62-4 (in German 
After more that 10,000 h of opera 
tion tests were made on the hot ai 
turbine plant at Ravensburg and the 
results are compared with the « 
latetl data It 
modifications had beer 
carried out the efficiency of the pl 


of 24.8 per cent at full load matched 


was found that after 


the various 


almost exactly the figure predicte 


The; graphs give details of input and 


output balance, pressure losses, gener 


tor output as a function of the 
turbine inlet 
total efficien 


operating hour 


pressure it the 
heater efficienc 
consumption 
trical output and heat supply 
Towards the Automatic Power Sta- 
tion Little Barford B. Anon 
Times 1960, 137 (Feb. 4), 168 

rhis station consists of two 60 Mw 
each served by a 550 kib 


boiler with steam at 950 psi and 910 I 
} 


units 


The boilers are of outdoor de 


mly the burner face in the front wall 
8 burners) and part of the basement 
being enclosed and the drum ends and 


water level detectors enclosed 
Steam control is b hol 


sh 


penthouse 
] , " ") 
low tube surface condenser 
removed by a dr vacuum 
[he turbine condensers ar 

a pump wit! 


Each set has 


two sections each fed by 
iriable pitch blades 

its own cooling tower Phe automat: 

electronic control is used only for 


steam side where steam pressure a 


temperature, water, air and steam 


flow are measured and adjusted 
-term controllers imcorporating 
portional, integral and- deri 
controls and analogue computer 

Computers to Automate Huntington 
Beach Units. W I Chadwick 


ld 1960, 153 (Jan. 18 
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mis eat | FLUIDICS* 
Inder construction Vv t de¢ AT WORK 
ith computer-supervised nt te 

rease salety, impro 

rvice and reduce fuel ar 

StS Ihe 

iter with 16,00) 

mory will cor 

pomts at 

ec. and log 
uantilies it 


! shut 


Gas Turbine Plant has 100-MW 
Capacity. I t 
O60, 153 (Fe 


The Marchienne-au- Pont Power Sta- 

Bel : Permutit Precipitator treats sewage effivent to provide cooling-tower 

tion e nag : I I na moke-vup water at the Municipal Electric Lighting & Power Plant, Rich 
' 

mond, Ind. Consulting engineers: Block & Veatch of Kansos City, Mo 


30 


Consider sewage effluent as a 
second source of cooling water 





Problem: This generating station need The Permutit Precipitator you set 
plenty ot iter for its cooling tower in the picture above does this job It 
The river ipply fluctuates. It must be was chosen because of its unique solids 
gmented contact features, which insure complet 
Solution: Working together. the Muni treatment at economical installed and 
pal Electric Lighting & Power Plant yperating cost 
Richmond, Ind nd its consulting Bulletins available: Operating details 
engineers Cal i th potential on Permutit Precipitators are contained 
7,000 GUY Gai a-Gay ddition ul in Bulletin 2204. Also available: “Out 
yurce: the city s ag unt effluent line of Water Treatment Equipment 
Combined Heat and Power Station Now there's no question about water Sulletin 4433, and our waste-treatment 
Stuttgart -Gaisburg PP) ged ~~ ~amend hen the guide, Bulletin 4486.: For copies, writ 
, 12 (1 piant rea 5 its ultimate design Ca to: Permutit Division, Dept. CO-70, 
re pacity ¢ 000 kw ooling-towet 50 West 44th Street. New York 36 
p may now come trom the New York. In Canada, the Permutit 
m the waste effluent, or be  ¢ ompany of Canada, Ltd., 207 Queen's 
mixture of both Quay West, Toronto, Ontario 


How? » turn vag lant effluent 
to | oun mw vate! you 
a pital ces *FLUIDICS is the Pfaudler Permutit 
us IZA the Wi I d remove 
Clarif hd 4 program that integrates knowledge 
as? ; stabuize, give it the equipment and experience in solving 
charac teri ti process problems involving fluids 
it | cost 


A PFAUDLER PERMUTIT inc. 


Specialists in FLUIDICS the science of fluid processes 
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Research 


Responsibility 


Results 


SASES ARE 
CLEANED OR HAND 


34 
= 


guarantees will be” 
fation on the products of 


FIOTEC /NOWS 


INCORPORA o 
ExecuTIVEe 5 ; 
Plants 


mediate stages is described \ 
ther 10 Mw turbogenerator is to 
added in the new power station 
utilize steam at 93 psi and condet 
this in a calorifier for the planned | 
water supply mains Space in 
new power station is also provided for 
two 15 Mw gas turbines 

power supply and a further 
condensing turbogenerato 

scription also includes 

shut-down of the first 
control of feed water flov 

air supply, temperature 

steam temperature and pressur 

iry electrical requirements 

turbine and operation 

eam loads, the condenser 

water supply, and aunxiliar 

When completed the « | 

new power tation will ‘ 

The cost the first un auxiliar 
turbogenerator and wenerat 
or hot-water suppl s 554 DM/kw 
£37,kw) at rated capacity and 55S 
DM kw £49.5 kw at maximut 
ipactit The built-over irea 
0.324 sq. ft/kw and the building 


volume 35.31 cu. ft/kW 


Operational Experience with Oil 
Fired, Fully Automatic Three-Pass 
Boilers. H Diehl. Energie 06 
12 (Jan 7-20 (in Germat 

Four packaged three-pass 
tube boilers were instailed in 
car works to pro ide proces 
heating steam when the high pressur 
boilers were unable to supply the de 
mand rhe boilers have fully aut 
matic controls of the on-off ty 
loads below 30 per cent and 
modulating type from 30 to 100 
cent load Each boiler 1s rates 
5,500 Ib h at 140 psi and their th 

; 


mal efficiene at full load is 90 


cent 


Materials and Manufacturing Processes 


Effect of Velocity on Corrosion. H. k 
Copson Corrosion 1960, 16 (Felt 
stb 
\ general discussiot 
is presented and the results of 
iron and other metals giver 
and graphs 


High-Temperature, High-Pressure 
Oxidation of Alloys caused by Carbon 
Dioxide. |. C. Bokros and W. |} 
Wallace Corrosion 1960, 16 (Felt 


} »” 


17-2 
L orrosion tests were Carri 1out or 
austenitic stainless and ferriti 
steels, 6 nickel-base and 4 miscellane 
ous alloys exposed to LU) it a pre 
sure of 1000-2000 psi and temperaturé 
from 1100 to 1740 F to investigats 
their possible use in high-pressure 

high-temperature 
rhe results are presented it 


discussed 
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Corrosion Testing of Two Zirconium 
Alloys. SK , 16 


Steels for Nuclear Reactors 
Beeghl : 
lar 

Method 


ummarized 
inese steel 


discussed 11 


Qualification of Inconel for Nuclear 
Power Plant Applications. H. R 
Copson and W. E. Bert Lon 
960, 16 (Fel + 
rhe resistance of Incor to corro 
in primary and secondary reactor 
water circuit ha t tudied 
Under all conditior a tight idher 
d on the specimens and 


orrosion rates were milar to those of 


t film forme 


austenitic staink te Inter 
ranular attack ind tre rrosion 


racking did not occur 


The Creep and Rupture Properties of 
2'/, % Chromium-1°, Molybdenum 
Quality Steel. A Summary of 
British Data (1°), Creep Strain and 
Rupture). J. D. Murra ] Blair 
G. G. Foster, H. W. Kirk and J 
Blackhurst ae eel Inst 
960, 193 (Dee 

The available data are presented in 
the form of scatter bands and extrap 
lated to 100,000 h 
Stress Corrosion of Steel 
beaux Souda ge 1959 13 
De $33-72 (in Fren 

, broad review of t rechanical 
ind physical aspect I tre and 
distortions in metals and their influ 
ence on corrosiot he characteris 
tics of stress co 
bon and stainle 

S1VE media ire 1¢ 

lieving method 

tainless steel 1 

austenstic-lerrith 

Mo is recommended 
Investigation of Creep in Welded 
Joints in Heat-Resistant Steels. Re- 
port I. Structural Changes in 15 
KhMA Steel during Creep. N. | 
Kareta lutom. V J June 
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Highest Standard in Boiler 
Tubing 


and Pressure 


Every length of Standard Boiler ond 
Pressure Tubing is tested of pressures 
far beyond code requirements and 
con be readily bent or otherwise 


ww fabricated. 


NOW Standard’s electric weld boiler tubing is available in much 
heavier wall thickness than has heretofore been produced. Thus, this 
extremely uniform tube can be used for still higher pressures. 

Wall thicknesses up to .220” minimum wall in 2” outside diameter 
and smaller can be supplied. This will permit allowable pressures well 


above 2,500 lbs. for tubes expanded into 
tubes absorbing heat in water tube units. 
supplied up to .280” minimum wall. 

The smooth surface and uniform wall 


headers or drums or for 
Larger diameters can be 


help to reduce thermal 


stresses and permit better control of rolling tubes into headers or drums. 


Nowhere will you find any more modern r- 
and complete facilities for precision manu- 
facture and inspection of boiler and pres- 
sure tubing than you'll find at Standard. 

For complete information on all 
Standard products and services send for 
free 8-page folder today. 


FREE 
8-page folder on 
all Standard prod- 
ucts. Write address 
below. 


STANDARD 


THE STANDARD TUBE COMPANY and MICHIGAN STEEL TUBE PRODUCTS DIVISION 


24400 Plymouth Road « Detroit 39, Michigan 


Welded stainless tubing and pipe « Welded carbon steel mechanical « Boiler and Heat Exchanger 
Exclusive rigidized patterns + Special Shapes + Oil Weli Tubing and Casing 
Light Weight Pipe + Steel Tubing— Sizes: 44° OD to 6° OD— .028 to .270 wall 


Stainless Pipe and Tubing— Sizes 4%’ OD to 4% 


* OD—.020 to 187 wall. 





JUDGED 
BEST 
BY FAR! 


NEW, IMPROVED 
INSUL-FELT 


BLANKETS 


UNIFORM THICKNESS 
AND DENSITY 

Low K factor. Rosin-bonded min- 
eral fiber felt. Laminated and 
specially bound. Full body and 
thickness. 


SHARP EDGES 
AND CORNERS 


Blanket sections can be butted 
closely against each other for 
tight fit over surfaces. 


WOOL WON’T TEAR 











For 


LOW TEMPERATURE 


APPLICATIONS 
UP TO 


1200°F. 


Wire mesh or lath can be re- 
moved and wool handled with- 
out tearing. 
LIGHTWEIGHT, 
STRONG, FLEXIBLE 


Easier to apply than mineral 
wool block. 


ATTRACTIVE 











IN APPEARANCE 





REFRACTORY & INSULATION CORP. 


124 WALL STREET «+ NEW YORK 5, N.Y. 
Soles Offices: Chicago, Ill.; Cleveland, Ohio; Bryn Mowr, Po.; 


Manufacturers of 


Nework, N. J.; Buffalo, N. Y. 4 


Cestable and Bonding Refractories; FURNACE BLOK; 
| Blankets, Block, Plastic ond Fill insulotions 
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BETWEEN 
TWO FIRES 


Boiler steel meets “fire” on both sides of tubes and 
drums. Just as flame, in consuming fuel, tends directly 
or indirectly to cause deterioration of fire-side boiler 
steel, so water, too, reacts with metal — less obviously, 
perhaps, but nonetheless surely for water is and 
always will remain a chemical, potentially destructive 
to steel. 

Recognizing this fact, operators of boilers large 
and small — in central stations, industrial plants, aboard 
ship and on the railroads — apply a protective couting 
of Apexior Number | to all steam and boiler-water- 
exposed metal. 

Apexior helps retain for the life of any boiler the 
advantages of new or newly cleaned metal. It grips 
steel with a hold never released in normal boiler opera- 
tion. Impervious to moisture, it ends water-metal contact 
— repels deposits, too, by adding a surface so smooth 
it denies them a footing. 

Thus Apexiorized metal remains sound — stays 
in service longer. Free from heat-transfer barriers, it 
puts b.t.u.’s to work more efficiently. In a word, better 
boiler performance —- and more of it — is the return 
Apexior gives you on a truly modest investment. 
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DON’T SETTLE FOR LESS! Clarage You get other advantages, and more, with 
makes sure you get extra service life on those Clarage Dynacurve fans: Minimum floor 
punishing induced draft applications. space and height requirements. Rugged wheel 
of 36 radially deep, aerodynamically curved 
The Type DN Dynacurve fan, when “ae 
blades and tapered rims. Bolted scroll liners 
equipped with wearing plates, has these 
for easy replacement. High efficiency over a 
abrasion-resisting steel plates welded to the 
ey wide performance range 
face of the wheel blades. A distinguishing 
Clarage feature that guarantees you less main- For complete information, contact our nearest 


tenance, longer operation! But that’s not all office or write for Catalog 905 


Dependable equipment for making air your servant 


CLARAGE FAN COMPANY 


Kalamazoo, Michigan 


SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES © IN CANADA: Canada Fans, ltd., 4285 Richelieu St., Montreal 
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CONDENSATE BY-PASS. . 
DIRECT ROUTETO IMPROVED *” 
WATER LEVEL INDICATION 


are assured with 
Bi-Color Gauge, 
major reason for 

e and exclusive by-pass 
ore it reaches the port 
ite in the port channel 
red for steam, green 

r pressure, there’s a 
irate water level readings. 
or contact your local 


Di imond represe! 


Diamond Power Specialty Corporation, Lancaster, Ohio 
Diamond Specialty Limited + Windsor, Ontario 


Otiantona 
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For Modern Fly Ash Control... 


4 


The EXTRA Advantages Built iene 
MULTICLONE COLLECTORS! 


For cyclonic collection of dust or fly ash from all types of 
gases—hot or cold—no other equipment matches the multiple 
advantages you get in MULTICLONE Collectors. No wonder 
this small-tube equipment is so widely imitated—but only the 


genuine Multiclone combines so many important savings as 
these... 


Compare Efficiencies! 


ie kes occasional servicing 
aoa ry, the tubes (one of more, 

desired) can be q tubes 
by simply unbolting the old tube an nx Sad up to important $2¥- 
installing ® sported -“ jae seat ~ » aaenin installation, in insulating 
vetre equally easy to service! costs, in space conservation! 





The Above Are Only A Few of the many important 

Compare Compactness! advantages you get when you install Multiclone Collec- 

adaptability, Multicione tors. Still more are outlined in Multiclone literature that 

in addition to greater space in themselves. will gladly be sent on request. Write or phone our near- 
ectors also are unusually est office for this helpful information! 


“~~ late these 
cyc . Transia 


. i to 
Multiclone’s adaptability 
aye pla 
today’s high pow 4e 


Scrubbers, and 
your assura? 
unbiased recomme 
equipme nt be 
particular req 


WESTERN 


PRECIPITATION 


DIVISION OF JOY MANUFACTURING COMPANY 
1000 WEST STH STREET Ut S AN 
NEW Y¥ RK ? AG TT 2UR 22* ATLANTA S® A* 


SELES 54 CAl F RNIA 
IN CANADA: 6285 MOUNTAIN S&S 
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